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PREFACE 


The  8th  U.  S. /Japan  Meeting  on  Management  of  Bo . tom  Sediments  Containing 
Toxic  Substances  was  held  8-10  November  1982  in  Tokyo,  Japan.  The  meeting  is 
held  annually  through  an  agreement  with  the  U.  S.  Army  Corps  of  Engineers  and 
the  Japan  Ministry  of  Transport  to  provide  a  forum  for  presentation  of  papers 
and  in-depth  discussions  on  dredging  and  disposal  of  contaminated  sediment. 

COL  Maximilian  Imhoff,  Commander  and  Director  of  the  Water  Resources 
Support  Center  (WRSC)  at  the  time  of  the  meeting,  was  the  U.  S.  Chairman. 

Mr.  Yasuo  Okada,  Ministry  of  Transport,  Tokyo,  Japan,  was  the  Japanese 
Chairman . 

Coordinator  of  the  organizational  activities  and  editor  of  this 
report  was  Mr.  Thomas  R.  Patin,  program  assistant.  Dredging  Operations 
Technical  Support  Program  (DOTS),  U.  3.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  Miss.  Mr.  Charles  C.  Calhoun,  Jr.,  was  Program  Manager, 
DOTS.  At  the  time  of  publication  of  this  report,  COL  George  R.  Kleb  was 
Commander  of  WRSC. 
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ATTENDEES 
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I.  Wilder 

J.  O’Connor 
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Ron  Vann 

Raymond  L.  Montgomery 


C£,  Commander  and  Director,  Water  Resources  Support 
Center  (WRSC) 

CE,  Chief,  Dredging  Division,  WRSC 
CE,  Coascal  Engineering  Research  Center 
CE,  New  York  District 
CE,  Waterways  Experiment  Station 
Tereco  Corporation 

Board  of  Commissioners,  Port  of  New  Orleans 

U.  S.  Environmental  Protection  Agency 

New  York  Stace  University  Medical  Center 

CE,  New  England  Division 

CE,  Norfolk  District 

CE,  Waterways  Experiment  Station 


Yasuo  Okada,  Cochairman 

S.  Kasajima 
Y.  Shiratori 
F.  Kodama 

Tatsuo  Yoshida 
Motoo  Fujiki 
Y.  Baba 

Tadashi  Otsuki 
M.  Hosomi 
K.  Nikaido 
A.  Sugiyama 
Y.  Irie 
E.  Sato 

Hiromi  Koba 

A.  Kanekc 


Japanese  Delegation 

Bureau  of  Ports  and  Harbours,  Ministry  of  Transport 
(MOT) 

Port  and  Harbour  Bureau,  City  of  Osaka 

Port  and  Harbour  Research  Institute,  MOT 

Kasumigaura  Work  Office,  Ministry  of  Construction 
(MOC) 

Bottom  Sediment  Management  Association 

University  of  Tsukuba 

Fublic  Works  Research  Institute,  MOC 

Dredging  and  Reclamation  Engineering  Association 

Environmental  Agency 

Nagoya  Prefecture  Government 

Ports  and  Harbour  Bureau,  MOT 

2nd  District  Port  Construction  Bureau 

Japan  Dredging  and  Reclamation  Engineering 
Association 

Japan  Dredging  and  Reclamation  Engineering 
Association 

Japan  Dredging  and  Reclamation  Engineer ir.a 
Association 
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8-10  November  1982 


Cochainnen 
Mr.  Yasuo  Okada 

Director,  Environmental  Protection  Division 
Bureau  of  Ports  and  Harbours,  Ministry  of  Transport 

COL  Maximilian  Imhoff 

U.  S.  Army  Corps  of  Engineers,  Water  Resources  Support  Center 


1000-1030 


Monday,  November  8,  1982 
Opening  session 


1030-1100 

1100-1130 

1130-1200 

1200-1330 

1330-1400 


Y.  Okada,  "Public  Works  Aiming  at  Improvement  of  Port  and 
Marine  Environment  in  Japan,"  Ports  and  Harbours  Bureau, 
Ministry  of  Transport,  Japan 

S.  Kasajima,  "Removal  of  Bottom  Sediments  in  Osaka  Port  by  the 
Pneuma  Pump  Dredge  ' SHUNKAI,'"  Port  and  Harbour  Bureau,  City 
of  Osaka,  Japan 

N.  E.  Parker,  "Constructive  Use  of  Dredged  Sand,"  Coastal  Engi¬ 
neering  Research  Center,  Corps  of  Engineers,  USA 

Luncheon 

Y.  Shiratori  and  H.  Kato,  "Reclamation  with  Soft  Sea  Bottom 
Sediments,"  Port  and  Harbour  Research  Institute,  Ministry  of 
Transport,  Japan 
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1400-1430 

1430-1500 

1500-1530 

1530-1600 

1600-1630 

1630-1700 

1700-1730 

1800-2000 

1000-1030 

1030-1100 

1 100-1130 

1130-1200 

1200-1330 


J.  M.  Mansky,  "Capping  of  Dredged  Material  Disposal  Management 
for  New  York  Harbor,"  U.  S.  Army  Engineer  District,  New  York, 
Regulatory  Branch,  USA 

F.  Kodama  and  T.  Fukushima,  "Restoration  Study  of  Dredging  in 
Lake  Kasumigaura,"  Kasumigaura  Work  Office,  Ministry  of  Con¬ 
struction,  Japan 

Break 

T.  Yoshida  and  T.  Mimaki,  "Boundary  Conditions  of  Sediment 
Surfaces  Viewed  from  DO  Behavior,"  Japan  Bottom  Sediment 
Management  Association,  Izumo  Construction  Work  Bureau,  Min¬ 
istry  of  Construction,  Japan 

R.  Peddicord,  "Field  Verification  of  Testing  and  Predictive 
Methodologies  for  Evaluating  Dredged  Material  Disposal  Alter¬ 
natives,"  Waterways  Experiment  Station,  Corps  of  Engineers, 
USA 

M.  Fujiki,  J.  Asada,  and  T.  Shimizu,  "Studies  on  Analytical 
Method  of  Acrylamide  Monomer  and  Accumulation  into  Fish," 
Institute  of  Community  Medicine,  University  of  Tsukuba, 

Japan 

W,  Pequegnat,  'Specifications  of  a  Model  Ocean  Disposal  Site 
for  Dredged  Material,"  TerEco  Corporation,  College  Station, 
Texas,  USA 

Reception  for  U.  S.  delegation 


Tuesday,  November  9,  1982 

Y.  Baba,  "Simulation  of  Estuarine  Silt  Transport  According  to 
Storm  Water  Runoff,"  Public  Works  Research  Institute,  Minis¬ 
try  of  Construction,  Japan 

H.  Haar,  "Rescuing  the  Ports  -  An  Update,"  Port  of  New  Orleans, 
Louisiana,  USA 

T.  Otsuki  and  M.  Shima,  "Soil  Improvement  by  Deep  Cement  Con¬ 
tinuous  Mixing  Method  and  Its  Effect  on  the  Environment," 
Japan  Dredging  and  Reclamation  Engineering  Association, 

Japan 

M.  Hosomi,  M.  Okada,  and  R.  Sudo,  "A  Comparison  of  Methods  for 
Estimating  Nutrient  Release  from  Lake  Sediments,"  National 
Institute  for  Environmental  Studies,  Environmental  Agency, 
Japan 

Luncheon 
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1330-1400  Film  "Lakes  and  Sediment" 


1400-1430 

1430-1500 

1500-1530 

1530-1600 

1600-1630 

1630-1700 


K.  Nikaido  and  M.  Akabane,  "Dredging  and  Management  Problems 
in  Lake  Suwa,"  Japan  Bottom  Sediment  Management  Association, 
Suva  Construction  Work  Office,  Nagoya  Prefecture  Government, 
Japan 

I.  Wilder,  "Emergency  Response  Equipment  to  Clean  up  Hazardous 
Chemical  Releases  at  Spills  and  Uncontrolled  Waste  Sites," 
Municipal  Environmental  Research  Laboratory,  U.  S.  Environ¬ 
mental  Protection  Agency,  USA 

Break 

A.  Sugiyama,  "Legal  Restrictions  and  Present  Condition  of 
Dredged  Material  Disposal  in  Japan,"  Ports  and  Harbours 
Bureau,  Ministry  of  Transportation,  Japan 

J.  O'Connor  and  J.  Pizza,  "Eco-Kinetic  Model  for  the  Accumu¬ 
lation  of  PCB  in  Marine  Fishes,"  New  York  State  University 
Medical  Center,  USA 

A.  Andreliunas,  "Aspects  of  the  DAMOS  Monitoring  Program  in 
the  New  England  Region,"  New  England  Division,  Corps  of 
Engineers,  USA 


1000-1030 


1030-1100 


1100-1130 


1130-1200 


1200-1330 


Wednesday,  November  10,  1982 

R.  E.  Hudson  and  K.  G.  Vann,  ''An  Overview  of  a  Dredging  Demon¬ 
stration  in  Contaminated  Material,  James  River,  Virginia," 
Department  of  the  Army,  Corps  of  Engineers,  Norfolk 
District,  USA 

Y.  Irie,  "Field  Dredging  Test  of  Soft  Mud  Layer  by  a  Front- 
Open  Type  Drag  Head,"  the  2nd  District  Port  Construction 
Bureau,  Ministry  of  Transportation,  Japan 

R.  Montgomery,  "Overview  of  Corps  Research  Program  on  Dredging 
Contaminated  Sediments,"  Waterways  Experiment  Station,  Corps 
of  Engineers,  USA 

E.  Sato,  "Bottom  Sediment  Dredge  "CLEAN-UP"  -  Principle  and 
Results,"  Japan  Dredging  and  Reclamation  Engineering  Associ¬ 
ation,  Japan 

Luncheon 


1330-1400  Film  "CLEAN-UP" 


1400-1430  T.  W.  Richardson,  "Performance  Tests  of  Pneuma  Dredge  Pump," 

Waterways  Experiment  Station,  Corps  of  Engineers,  USA 
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1430-1500  H.  Koba  and  T.  Shiba,  "Sediment  Resuspension  in  the  Vicinity 

of  the  Cutter  Head,"  Japan  Dredging  and  Reclamation  Engi¬ 
neering  Association,  -Japan 

1500-1530  Break 

1530-1600  T.  R.  Patin,  T.  Hart,  and  C.  C.  Calhoun,  "The  Long-Term 

Effects  of  Dr*^.  ng  Operations  Program,"  Waterways  Experi¬ 
ment  Station,  O  ps  of  Engineers,  USA 

1600-1630  A.  Kaneko,  Y.  Vatari,  and  S’.  Aritomi,  "Specialized  Dredges 

Designed  for  Bottom  Sediment  Dredging,"  Japan  Dredging  and 

Reclamation  Engineering  Association,  Japan 

1630-1700  Discussion 


1700-1730 


Closing  session 


.10 1  N'T  COMMON  lUl'E 


The  8th  L'.S. /Japan  Expert?  Meeting  or  Management  of  But  tor  Sediment? 
Containing  Toxic  Substances  was  held  by  the  I'nlted  States  (Colonel  Maximilian 
Imhotf,  Commander /Di rec tor ,  Wafer  Resources  Support  Center,  L.S.  Armv  Corps  of 
Engineers)  ard  the  Japanese  (Yasuo  Okada,  Director,  Env i romenti 1  Protection 
Division,  Ports  and  Harbours  Bureau,  Ministry  of  Transport)  Co-chai rmett 
Nov.  8-10,  1982,  at  Tokyo,  Japan.  The  purpose  of  the  conference,  was  to 
exchange  information  in  both  regulatory  and  technical  area*  relevant  to  bottom 
sediment  management  and  to  explore  areas  where  joint  efforts  would  be 
fruitful. 

The  United  States  and  Japanese  experts  presented  papers  on  several  tech¬ 
nical  and  managerial  subjects,  including:  public  works  aiming  at  Improvement 
of  port  and  marine  environment  in  Japan;  dredging  works  in  Osaka  Port, 

Lake  Kasumigaura,  Lake  Suwa,  and  the  James  River;  experiments  and  studies  for 
physical  and  chemical  character  1st  lr s  of  bottom  sediment;  studies  on  toxic 
materials  accumulated  in  organisms;  legal  restrictions,  present  condition,  and 
new  methods  for  dredged  material  disposal:  advances  in  dredging  technology 
including  new  equipment  and  operational  techniques  (Drag  head,  Clean-up, 

Pneuma  pump  and  Refresher);  dredging  technologies  and  methods  for  dredged 
material  disposal  with  due  regard  to  the  environmental  impact;  and  emergency 
response  equipment  to  clean  up  hazardous  chemical  release. 

The  United  States  and  Japanese  attendees  consisted  primarily  of  engi¬ 
neers,  biologists,  and  chemists  f rom  administrative  agencies,  universities, 
port  authorities,  and  related  associations  of  engineering  companies.  There 
was  general  agreement  that  this  conference  was  highly  successful  in  meeting 
its  major  goal:  to  exchange  the  most  recent  Information  on  management  tech¬ 
nique?  and  the  environmental  effects  oi  sediments  containing  toxics  and  other 
pollutants.  Consistent  with  the  provisions  the  memorandum  <u  u  der- 
stnnding,  the  next  meeting  will  he  leld  ft-  t  he  'nited  States  and  tie  dates 
will  he  decided  jointly  bv  the  Co-chairmen. 

Director,  Environmental 
Protection  Division, 

Ports  and  harbours  Bureau, 

Ministry  of  Transport 


(  ommunuer / D i ret f or ,  Water  vsourt es 
Support  tenter,  ■ Armv  -a-p., 
of  Engineers 


w  :  cu!  i 


••  ’  I  . 


PUBLIC  WORKS  AIMING  AT  IMPROVEMENT  OF  PORT  AND 
MARINE  ENVIRONMENT  IN  JAPAN 


Yasuo  Okada 

Director,  Environmental  Protection  Division 
Bureau  of  Ports  and  Harbors,  Ministry  of  Transport 


INTRODUCTION 

Port  and  marine  environment  improvement  works  in  Japan  are  carried  out 
as  a  part  of  port  improvement  works. 

Port  improvement  works  are  systematically  carried  out  by  formulating  a 
Five-Year  Plan  for  Port  Improvement  under  the  Law  for  Emergency  Measures  of 
Port  Improvement. 

The  current  Five-Year  Plan  for  Port  Improvement  is  the  sixth  plan  and 
covers  the  period  from  fiscal  1981  to  1985  with  a  total  investment  of 
¥4,260  billion.  This  plan  lists  "promotion  of  works  aimed  at  the  realization 
of  pleasant  port  and  marine  environment"  as  one  of  its  important  tasks.  The 
plan  is  thus  intended  to  step  up  the  improvement  of  port  and  marine  environ¬ 
ment  bv  allocating  about  1/10  of  the  total  investment  to  it. 

These  works  include  marine  environment  improvement  works  and  studies  for 
materialization  of  port  works  conducted  by  government  directly,  works  to  pro¬ 
vide  facilities  for  preventing  oil  pollution  of  seawater,  and  port  pollution 
prevention  works  and  port  environment  improvement  works  conducted  by  a  port 
management  body  with  government  subsidies  Table  1  shows  the  trends  of  the 
expenditure  for  port  and  marine  environment  improvement  works. 

MARINE  ENVIRONMENT  IMPROVEMENT  WORKS 


these  works  are  intended  to  prevent  marine  pollution  and  to  conserve  the 
marine  environment.  In  particular,  accumulation  work  for  floating  refuse  and 
oil  has  been  carried  out  in  badly  polluted  waters  outside  port  and  fishing 
port  areas  since  1974  as  government-executed  works. 

Cleaning  work  for  floating  refuse  and  oil  is  scheduled  to  be  carried  out 
in  I'fHJ  as  in  the  previous  year  in  three  areas  of  Tokyo  Bay,  Ise  Bav ,  and  the 
Seto  Inland  Sea. 

ihe  fleet  for  marine  environment  improvement  work  now  comprises  16  ships 
w i t h  a  newly  constructed  combined-use  ship  boch  for  refuse  and  oil.  The 
s vs  ten  of  cleaning  refuse  and  oil  floating  in  inland  seas  and  bays  has  now 
been  roughly  completed  (see  ’.able  2). 
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STUDIES  FOR  MATERIALIZATION'  OF  PORI  WORKS 


These  studies  are  conducted  prior  to  the  commencement  of  actual  work 
to  ascertain  their  economic  and  technical  feasibilities.  Duriirc  tin-  current 
fiscal  year,  a  bottom  sediment  clarif ication  plan  is  scheduled  for  Tokyo  Hay, 
Ise  Bay,  and  the  Seto  Inland  Sea.  An  interpretecture  waste  disposal  site  in 
Tokyo  Bay  is  also  projected. 

The  former  was  explained  at  tiie  7th  US/. Japan  meeting.  The  latter  is 
designed  to  construct  a  waste  disposal  site  at  sea  because  it  has  become 
increasingly  difficult  to  provide  inland  waste  disposal  sites  in  metropolitan 
cones . 

In  Osaka  Bay,  the  main  bode  of  the  bav  for  interpretecture  waste  disposu 
•  •Osaka  Bay  interpre • ecture  Coastal  Area  Environment  Improvement  Center  i  was 
cleared  t:iis  March  for  actual  work. 


MARINE  OIL  POLLl"  MX  PKLVENI  TON  WORKS 


I  hese  works  ire  intended  to  Prevent  marine  pollution  caused  bv  oil  thron. 
t  ne  t  tv.it  rent  waste  oi  1  uich  as  i  all. »st  water  generated  in  ships  at  recep¬ 
tion,  •  i i  lit  :  •  -  -  in,:.  R  ince  1  <*>7.  tae  government  nas  been  providing  port 

-.aaa.  :it  eoaie  ,  with  subsidies  tor  the  waste  oil  reception  facilities. 

ten  -traction  at  t  ho  facilities  at  major  ports  was  completed  in  19  71 . 

:  ible  ..  Waste  oil  RtfCept  iotr  Facilities 

< .Vs  •>;  oc toner  1 ,  i''h.'  i 

Number  .’!  •' >rt  ■'  Number  ot  operators 

i  >  r> 

1.  1  . 

. 


•  1 1  1  i  •  Ml 


Table  Fort  Pollution  Prevent  ion 


Earth  covering 


PORT  ENVIRONMENT  IMPROVEMENT  WORKS 


Coastal  waste  disposal  site 

These  sites  are  designed  to  receive  all  wastes  including  dredged  mate¬ 
rials,  marine  wastes  resulting  from  cargo  handling,  urban  wastes,  and 
industrial  wastes. 

It  has  become  increasingly  difficult  to  obtain  sites  in  urban  areas 
for  final  disposal  of  wastes  because  of  the  progress  in  urbanization.  There¬ 
fore,  the  demand  for  water  areas  for  final  disposal  has  increased  in  recent 
years. 

There  are  also  strong  demands  for  land  to  develop  or  renew  port  areas. 

In  response  to  such  social  needs,  the  government  has  been  providing  port 
management  bodies  with  subsidies;  for  the  construction  of  bulkheads  of  waste 
disposal  sites  since  1973. 

The  list  of  wastes  dumped  in  the  disposal  site  is  headed  by  surplus  soil 
produced  by  inlard  construction  works,  followed  by  dredged  material,  general 
wastes,  and  industrial  wastes.  Of  the  annual  total  of  about  280  million  tons 
of  general  wastes  and  industrial  wastes  produced  in  1979,  about  140  million 
tons  went  to  final  disposal,  of  which  6.9  million  tons  or  4.9 7,  were  disposed 
of  in  coastal  disposal  sites. 

Construction  of  cleaning  vessels 

Ports  are  generally  closed  waters,  preventing  frequent  exchange  of  sea¬ 
water.  As  a  result,  the  refuse  which  flows  in  from  rivers  and  chat  produced 
by  port  activities  drifts  in  stagnant  areas  in  ports,  thus  interfering  with 
navigation  and  marine  activities.  Moreover,  the  drifts  often  cause  environ¬ 
mental  pollution  through  putrefaction,  foul  smells,  and  deposition,  resulting 
in  water  pollution  and  sludge.  Accordingly,  prompt  accumulation  of  this 
refuse  while  still  floating  is  desirable. 

The  government  has  been  providing  port  management  bodies  with  subsidies 
for  the  construction  of  cleaning  vessels  necessary  for  the  accumulation  of 
oil  and  floating  refuse  since  1974.  Sixteen  cleaning  vessels  have  thus  been 
constructed  in  15  ports  as  of  1981. 

Parks  and  open  spaces  . 

We  are  also  creating  a  pleasant  port  environment  by  providing  greens, 
open  spaces,  rest  houses,  etc.,  so  that  the  ports  can  serve  the  local 
residents . 

Accordingly,  the  government  provides  subsidies  for  those  port  management 
bodies  which  undertake  the  improvement  of  port  environment  bv  providing 
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greens,  open  spaces,  etc.,  within  their  port  areas.  Tlwse  so  far  complete/! 
draw  families  on  holidays  and  serve  as  a  place  of  relaxation  where  the  citizens 
can  get  familiar  with  a  port. 

In  1980,  greens  were  provided  at  81  ports  throughout  the  country  at  a 
total  cost  of  ¥7.2  billion,  accounting  for  3.7.2  of  the  total  urban  park, 
improvement  cost  of  ¥194  billion. 


REMOVAL  OF  BOTTOM  SEDIMENTS  IN  OSAKA  PORT  BY 
I'HE  PNEUMA  PUMP  DREDUE  "SHUNKAl" 

Shiro  Kasaj ima 

Manager  of  the  Construction  Division 
Port  and  Harbour  Bureau,  City  of  Osaka 

ABSTRACT 

The  Osaka  Port,  which  is  one  of  the  representa¬ 
tive  ports  in  West  Japan  situated  at  the  innermost 
part  of  Osaka  Bay,  has  been  suffering  from  the  sedi¬ 
ment  of  mud  polluted  with  organic  substances  on  the 
bottom  of  rivers  such  as  A j i  Rsver,  Shirinashi  River, 
and  Kizu  River  due  to  wastewater  from  factories  and 
city  sewage,  which  have  caused  deterioration  of  the 
environment  through  pollution  of  water  and  generation 
of  a  foul  smell. 

As  a  countermeasure,  the  Authority  of  Osaka  City, 
havirig  noticed  the  excellent  performance  of  the  Pneuma 
pump  system,  un  lertook  the  first  mud  dredging  experi¬ 
ment  in  Japan  with  that  system  (which  was  introduced 
from  an  Italian  firm  S.I.R.S.I.  in  December  1971). 

Through  this  experimental  dredging,  the  suitability  of 
the  Pneuma  pump  system  to  the  dredging  of  polluted  mud 
was  well  proved. 

As  a  part  of  the  pollution  control  project  of  the 
port  and  harbor,  the  Bureau  completed  the  Pneuma  pump 
dredge  "ShunKai"  in  July  1974,  then  organized  a 
dredging  squadron  with  hopper  barges  that  had  under¬ 
gone  the  necessary  modifications.  The  squadron  has 
engaged  in  dredging  operations  of  polluted  mud  since 
November  1974  until  the  present  day. 

This  paper  introduces  the  Pneuma  pump  dredge 
"ShunKai"  and  the  results  of  the  squadron  operation. 

INTRODUCTION 

The  Port  and  Harbor  Bureau  has  developed  a  new  dredging  process,  the 
Pneuma  pump  system,  which  is  capable  of  dredging  a  high  solids  concentra¬ 
tion  at  any  depth  according  to  the  configuration  of  the  sea  bottom  without 
fear  of  secondary  pollution.  The  Bureau  '..as  also  built  a  new  dredge  to 
promote  Japan's  pollution  control  project.  This  system  was  built  because: 
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(1)  unless  care  is  taken  when  mud  on  the  water  bottom  is  dredged  by  a  conven¬ 
tional  grab  dredge,  the  grab  might  penetrate  the  layer  of  muddy  sediment  and 
dig  into  the  comparatively  hard  soil  of  the  sea  bottom,  and,  when  lifting  the 
grab,  the  adhering  mud  would  cause  contamination  of  adjacent  waters;  and 

(2)  if  dredging  is  performed  by  conventional  suction  dredges  and  the  mud 
transported  to  the  dumping  grounds  on  board  box-shaped  hopper  barges ,  it 
would  not  be  economical  due  to  a  very  low  solid  concentration. 

OPERATIONAL  PRINCIPLE  OF  THE  PNEUMA  PUMP 

The  Pneuma  pump  system  consists  of  a  pump  body,  a  distributor,  and  a  com¬ 
pressor.  The  pump  body  is  composed  of  three  cylindrical  tanks  that  are  used 
as  one  assembly.  Each  tank  is  fitted  with  an  inlet  port,  an  outlet  port,  and 
various  valves.  The  distributor  automatically  controls  charging  of  compressed 
air  to  each  tank  with  a  constant  cycle  and  then  discharging  it  to  the  atmo¬ 
sphere.  The  compressor  supplies  the  compressed  air,  the  capacity  of  which  may 
vary  according  to  the  required  performances,  but  its  pressure  is  normally 
7.5  atm. 

When  the  pump  body  is  lowered  to  the  sea  bottom  with  the  distributor  in 
operation,  the  seawater  comes  into  the  tank  lifting  the  inlet  valve.  Then, 
compressed  air  is  delivered  via  the  distributor,  and  the  seawater  in  the  tank 
is  displaced  (by  the  action  of  air  similar  to  that  of  piston)  through  the  mud 
discharge  pipe.  Then,  the  compressed  air  that  filled  the  tank  is  discharged 
through  the  distrioutor  into  the  atmosphere  and  the  air  pressure  within  the 
tank  returns  to  atmospheric  level.  At  this  moment,  the  mud  at  the  seabed  is 
forced  into  the  tank  due  to  the  head  difference  between  the  surface  land  the 
bottom  and  horizontal  movement  of  the  suction  port.  Thereafter,  by  Repeating 
the  above-mentioned  operations,  the  mud  is  discharged  through  the  mud  pipes. 

As  this  operation  is  repeated  within  a  tank  and  the  three  tanks  work  continu¬ 
ously  with  a  constant  interval,  the  mud  is  discharged  continuously  from  the 
mud  pipe  as  shown  Figure  1. 


w?  V.r  ; 


Figure  1.  Principle  of  Pneuma  pump 
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DREDGING  TEST  OF  MUD  WITH  THE  PNEUMA  PUMP  SYSTEM 


One  Pneuma  pump  300/60  system  and  distributor  were  installed  onboard  the 
crane  barge  "No.  1  Kongo"  and  one  on  the  grab  dredge  "ShunKai."  The  dredging 
tests  were  performed  along  the  lower  part  of  Kizu  River,  the  innermost  part  of 
Aji  River  Inner  Port,  Zone  No.  1  Inside  Port,  and  in  front  of  wharfs  A  and  I 
of  South  Port  with  the  following  results  being  obtained: 

(1)  When  dredging  at  a  constant  spaed  of  from  1-3  m/min,  the  mud  can  be 
dredged  with  a  very  high  net  solid  concentration  by  volume  as  shown  in  Tables  1 
and  2.  The  quantity  of  discharge  also  can  exceed  the  rated  capacity  of  the 
Pneuma  pump  300/60. 

(2)  The  mud  piled  up  on  the  guarding  rubble  mound  in  front  of  the  wharf 
can  be  removed  without  impairing  the  surface  of  the  rubble  mound. 

(3)  The  trawling  speed  should  be  kept  at  the  low  level  of  1-3  m/min  and 
constant . 

(4)  Among  the  various  types  of  shovels  tested,  the  three  shovel  type, 
the  big  shovel  type,  and  the  leg  shovel  type,  the  three  shovel  type  was  effec¬ 
tive  for  both  mud  and  soft  clay.  The  shape  of  the  shovels  should  be  designed 
to  cope  with  the  conditions  of  the  site  of  dredging. 

(5)  Deposit  of  rubbish  on  the  seabed  or  river  bed  caused  little  harm  to 
dredging. 

(6)  If  the  three  shovel  type  is  used,  the  blue-gray  clay,  the  most  com¬ 
mon  soil  in  Osaka  Port,  can  also  be  dredged. 

(7)  Iron  scraps  and  stones  of  small  quantity  can  be  dredged  as  they  are. 

(8)  The  degree  of  transparency  of  water  near  the  surface  at  the  dredging 
site  declines  by  about  15-20  cm. 

(9)  For  mud  having  a  very  high  solid  concentration  such  as  that  dredged 
by  the  Pneuma  pump  system,  the  application  of  pan-floc  is  not  suitable. 

CONSTRUCTION  SPECIFICATIONS  OF  PNEUMA  PUMP  DREDGE  "SHUNKAI" 

Basic  Design  Requirements 
Soil  to  be  dredged 

Deposit  of  mud  or  soft  clay  in  the  duplication  area  of  a  river  and 
port  and  at  the  river  mouths. 

Quantity  of  soil  to  be  dredged 

Dredging,  transportation,  and  discharge  of  about  1,000  m  per  day  or 
210,000  m  per  year. 

Weather,  sea,  and  geographical  conditions 

The  sites  of  operation  are  within  the  calm  water  area  in  the  Osaka 
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iable  1.  Summary  List  for  Percentage  of  Water  Content 
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Table  2.  Comparison  of  Net  Solid  Concentration  in  Volume  Between  Boring 
Samples  and  Those  from  Dredged  Soil 
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Port  where  there  is  little  influence  of  wind  and  waves.  The  rivers 
arc  tidal  and  the  velocity  of  flow  is  low,  0. 5-1.0  kt  along  the 
mainstream  of  Aji  River  and  0.5  kt  along  Shir.inashi  and  Kizu  Rivers. 
For  the  weather  and  sea  condition  at  the  time  of  operation,  the 
design  should  comply  with  the  terms  of  "Standard  of  Design,  for 
Working  Boats." 

a)  For  the  design  of  the  hull,  the  maximum  instantaneous  wind  velocity 
shall  be  16  m/sec  during  operation. 

b)  The  velocity  of  tidal  current  of  3  kts  shall  be  considered  during 
operation. 

c)  The  wave  height  during  operation  shall  be  0.5  m  (1/3  significant 
waves) . 


d) 

e) 

(2) 

© 

© 

© 

© 

© 

© 

© 

The 

Figure  2, 


The  dredging  depth  shall  be  15  m  below  the  surface. 

Process  of  disposal  of  dredged  material  shall  be  trawl  dredging 
carried  out  by  the  dredge  fitted  with  the  Pneuma  pump  450/80.  The 
dredged  mud  is  placed  onboard  500-m-^  non-self-propelled  hopper 
barges.  The  barges  are  pushed  to  the  disposal  site  in  the  North 
Port,  making  three  trips  or  more  per  day,  where  the  mud  is 
discharged. 

Design  Considerations 

Electro-hydraulic  winches  of  stepless  variable  speed  enable  the 
vessel  to  travel  at  1-5  m/min  during  dredging  and  20  m/min  maximum 
speed  on  the  return  trip  after  dumping. 

The  centralized  control  station  fo\  operation  is  provided  as  a 
labor-saving  device. 

To  prevent  noise  generated  by  the  air  compressors,  each  compressor 
is  confined  in  a  separate  soundproof  enclosure  with  shock-absorbing 
rubber  inserted  between  the  machines  and  the  hull. 

Providing  for  the  dredging  along  the  narrow  channels  in  the  upper 
reach  of  rivers,  fairleaders  of  Christmas  tree  type  are  fitted  at 
the  bow  and  the  stem  part  of  the  vessel. 

The  ladder  system  is  used  for  lowering  and  lifting  the  Pneuma  pump. 

To  maintain  an  agreeable  working  environment  (including  living  area, 
operating  room,  etc.),  special  silencers  are  used  for  exhaust  noise. 

A  loader  system  with  mud  discharge  pipes  leading  to  the  hopper 
barges  moored  along  both  sides  of  the  dredge  is  used  for  loading 
the  mud . 

specifications  of  the  "ShunKai"  and  diagrams  are  shown  in  Table  3  and 
respectively. 
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i vpe  fclectro-hydraulic 

Capacity  ?.it  x  5  sn/mln 

K.m^e  of 

winding  speed  i  -  20  m/min 
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Fimtro  2.  General  arrange 
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ORGANIZATION  OF  SQUADRON 

"ShunKai"  is  required  to  dredge  the  narrow  upper  reaches  of  the  rivers  in 
the  city.  The  hopper  barges  of  the  existing  pusher  barge  line  system  cannot 
be  turned  at  the  narrow  part  of  the  waterway;  therefore,  two  non-self- 
propelled  hopper  barges  of  350  capacity  were  remodeled  into  the  box-shaped 
mud  barges  with  500  capacity  able  to  be  pushed  either  from  bow  or  stern. 

Ihe  squadron  is  organized  with  "ShunKai,"  a  pusher  tug,  the  two  non-self- 
propelled  mud  barges,  and  a  chartered  non-self-propelled  bdx-shaped  mud  barge 
of  500  m^  capacity. 

In  August  1977 ,  a  non-self-propelled  mud  unloading  barge  of  sand  pump 
type  (displacement  -'88.45  tons)  was  created  by  modifying  the  existing  grab 
dredger  "SeiKai"  and  installing  the  sand  pump  (mud  discharging  capacity 
540  rn'/hr)  of  DP  100  RL  Type  manufactured  by  Toyo  Electric  Co.,  Ltd.  Thus, 
the  organization  of  the  squadron  of  the  total  system  from  dredging,  transport¬ 
ing,  and  unloading  to  final  discharging  is  complete. 

IMPROVEMENT  OF  DREDGING  EFFICIENCY  AND  WORKING  ENVIRONMENT 

In  1976,  when  the  dredging  at  the  planned  depth  D.L.*  -6.0  m  was  carried 
out*  the  operational  efficiency  was  coo  low  and  the  solid  concentration  of  the 
dredged  soil  was  much  less  than  anticipated.  Thus,  improvement  of  the  opera¬ 
tional  efficiency  of  dredging  at  shallow  depths  has  been  required. 

As  a  possible  countermeasure,  installation  of  a  vacuum  pump  at  the  exit 
of  the  distributor  was  examined,  but  the  idea  was  abandoned  because  there  was 
little  margin  both  in  the  capacity  of  the  generator  and  the  space  for  instal¬ 
lation.  However,  taking  advantage  of  the  surplus  of  compressed  air  when  the 
dredging  depth  is  shallow,  the  dredging  efficiency  can  be  raised  by  installing 
the  breathrider  (vacuum  generator). 

Installation  of  the  breathrider  vacuum  gained  0.20  m  of  water  columh  and 
allowed  dredging  at  a  depth  about  1  m  less  than  possible  before.  It  further 
contributed  to  the  improvement  of  dredging  efficiency  by  remarkably  reducing 
.  the  chances  of  choking  of  the  shovels  with  mud.  This  can  be  attributed  to  the 
fact  that  due  to  the  effect  of  vacuum,  the  resistance  against  lifting  the 
suction  valves  by  the  pressure  of  mud  and  the  same  in  the  air  pipes  between 
the  pump  bodies  and  the  distributor  during  the  cycle  of  delivery  and  suction 
of  the  compressed  air  is  substant laliy  reduced . 

As  a  countermeasure  for  the  offensive  odor  of  hydrogen  sulfide,  an 
absorption  tower  (which  simultaneously  works  as  a  silencer  and  a  solid  remover) 
was  also  installed.  Within  the'  tower  the  bad-st.elling  exhaust  air  is  washed 
by  a  seawater  shower,  dehydrated  and  well  diluted,  and  then  released  to  the 
atmosphere  after  b<.  ing  led  to  the  level  of  the  topping  mast.  Thus,  the 
ot tensive  odor  is  successfully  reduced.  The  flow  diagram  of  the  system  is 
illustrated  on  the  next  page. 
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RESULT  OF  OPERATION  BY  "SHUNKAI"  SQUADRON 
Procedure  of  Operation 

(1)  Prior  to  operation,  the  geological  survey  of  the  dredging  area  is 
conducted  and  the  thickness  of  mud  to  be  dredged,  ratio  of  water  content,  loss 
'  n  ignition,  specific  gravity,  etc.,  are  determined. 

(2)  The  trawling  dredge  is  used  and  the  dredged  mud  is  loaded  onto  the 

mud  barges  of  closed  type.  The  volume  of  the  muddy  water  is  surveyed  and 

sampled . 

(3)  The  mud  barges  are  pushed  to  the  disposal  site  by  the  tug.  The  mud 

is  discharged  into  the  enclosed  disposal  site  area  surrounded  by  banks. 

(4)  The  quantity  of  the  dredged  soil  is  estimated  from  the  ratio  of 

water  content  and  the  apparent  specific  gravity  of  the  sample  and  the  volume 
of  muddy  water. 

(5)  For  guidance,  the  dredgvd  sea  bottom  is  surveyed  by  the  echo  sounder 
and  confirmed. 

Mann er  cf  Operation 

By  August  1977,  the  operations  were  carried  out  in  the  following  manner: 


Dredging  . by  the  Pneuma  pump  vessel  "ShunKai" 

Transportation  .  by  a  pusher  tug  and  three  mud  barges  of  box  type 

(one  of  which  was  chartered) 


These  operations  were  conducted  by  the  Bureau.  The  prevention  of  secondary 
pollution  is  assigned  to  contractors.  The  disposal  of  surplus  water  is 
assigned  to  Osaka  Industrial  Wastes  Management  Public  Cooperation. 

Upon  completion  of  the  mud  unloading  vessel  "SeiKai"  (September  1977), 
the  contracted  operation  of  the  barge  unloader  lias  been  converted  to  direct 
operation  by  the  Bureau.  Other  operations  remain  the  same. 
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Results  of  Operation 


Upon  completion  of  "ShunKai,"  a  series  of  tests  was  carried  out  to  cope 
with  the  various  operational  conditions. 

Whether  or  not  the  centralized  control  system  would  work  satisfactorily 
was  confirmed  first  and  then  the  rate  of  mud  discharge  of  each  shovel,  the 
air  pressure  and  air  volume  in  the  pump  bodies,  the  quantity  of  air  con¬ 
sumed,  etc.,  were  investigated. 

Noise  was  also  measured  at  every  noise  and  vibration  preventive  structure 
and  was  compared  with  -he  design  value.  Whether  or  not  the  anchors  would 
have  sufficient  holdii  ;  power  to  endure  the  load  of  trawling  operation  and 
whether  the  winches  ir  -.tailed  for  the  trawling  operation  would  operate  at  the 
required  speed  for  forward  and  astern  travel  were  also  investigated. 

This  operation  began  in  November  1974  and  by  tne  end  of  March  1982 
dredging  of  polluted  mad  and  disposal  had  been  carried  out  at  the  locations 
along  A j i  River,  Shirinashi  River,  and  Kizu  River  as  shown  in  Figure  3. 

Table  4  gives  the  operation  results,  and  Figure  4  shows  the  results  of  the 
echo  sounding. 

The  annual  summaries  are  also  listed  in  Table  5  with  respect  to  the 
dredged  area  and  the  quantity  of  dredged  soil.  The  total  dredged  area  and  the 
quantity  of^dredged  soil  as  of  the  end  of  March  1982  were  532,000  m-  and 
1,460,600  m^ ,  respectively,  and  the  total  quantity  of  soil  removed  was 
2,551,700  in  with  an  overall  average  solid  concentration  of  about  57 Z. 

The  annual  record  of  operation  of  "ShunKai"  is  shown  in  Table  6.  In  the 
operational  hours  of  "ShunKai,"  time  required  for  shifting  both  ways  between 
her  moorings  and  the  site  of  dredging  and  the  same  necessary  for  taking  the 
bearings  in  order  to  fix  the  position  of  operation,  about  400  hours  per  year 
total,  and  another  100  hours  for  cleaning,  during  which  the  rubbish  from  the 
muddy  sediment  is  removed  from  the  screen  of  the  pump  shovels,  and  time  for 
waiting,  meals,  and  cleaning  of  the  vessel  at  her  moorings  are  included. 

Solid  Concentration  of  Dredged  Soil 

The  solid  concentration  of  the  dredged  soil  is  supposed  to  be  influenced 
by  the  grain  size,  thickness  of  the  soil  to  be  dredged,  and  the  technique  of 
operation,  but  the  correlation  among  these  is  not  clear.  However,  in  the  case 
of  dredging  by  the  Pneuma  pump  system,  the  deeper  the  water  at  the  location  of 
dredging,  the  stronger  the  thrust  due  to  hydroscatic  pressure.  Consequently, 
a  trend  that  the  solid  concentration  increases  proportionally  to  the  water 
depth  can  be  observed,  although  there  is  some  dispersion  in  the  relation 
between  the  water  depth  and  the  average  solid  concentration  (see  Figure  5). 
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ItCHtofeUM  Ward 


CIS  Aim  dredged  by  "ShurUCal" 

L  _  A /«■  dredged  by  (he  grab  dredger  of  closed  bucket  type 


Figure  3.  Dredging  operation  sites 
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Table  5.  Dredged  Area  and  Quantity  of  Soil 
Dredged  for  Every  Fiscal  Year 


Fiscal  year 

Area  dredged 

Quantity  of 
soil  dredged 

1974 

23,500  m2 

109,800  m3 

1975 

90,300 

222,900 

1976 

50,500 

162,800 

1977 

43,500 

170,000 

1978 

71,500 

180,600 

1979 

75,000 

190,000 

1980 

106,700 

208,100 

1981 

71,000 

216,400 

Total 

532,000 

1,460,600 

Table 

6. 

Summary  of 

Operation  of  " 

ShunKai" 

Fiscal. 

No.  of  days 

No. 

of  days  out 

No.  of  days 

Hours 

Hours  of 

year 

on  operation 

of 

operation 

on  service 

on  service 

operation 

1974 

98 

15 

113 

1,018.20 

782.40 

1975 

207 

55 

262 

2,117.15 

1,552.10 

1976 

200 

69 

269 

1,965.00 

1,408. 15 

1977 

214 

30 

244 

2,109.00 

1,589.00 

1978 

222 

33 

255 

2,093.30 

1,501.40 

1979 

220 

37 

257 

2,044.15 

1,453.25 

1980 

21° 

42 

254  ■ 

1,958.30 

1,  387.45 

1981 

245 

20 

265 

2,430.15 

1,569.50 
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COMPARATIVE  INVESTIGATION  OF  TURBIDITY  AT  WATER  SURFACE  ADJACENT 

TO  DREDGING  SITE 

On  March  9  and  27,  1979,  turbidity  of  the  water  surface  adjacent  to  the 
dredging  site  was  investigated.  According  to  the  results,  the  Pneuma  pump 
dredge  makes  the  water  at  the  lower  layer  turbid  to  a  certain  extent  up  to' 

50  m  away,  because  the  pumps  are  dipped  in  the  bottom  mud;  however,  practi¬ 
cally  no  turbidity  is  observed  in  the  upper  and  middle  water  layers. 

The  grab  dredge  with  the  clo<  i  bucket  often  operates  with  the  bucket 
not  completely  closed  after  a  g:  due  to  the  rubbish  found  scattered  in  the 

mud.  Therefore,  the  turbidity  50  m  away  from  the  dredge  occurs  throughout 
all  layers,  surface  to  bottom,  and  tends  to  increase  as  the  dredging  continues. 

As  a  typical  example,  the  location  of  operation  in  Figure  6,  the  record 
of  transparency  and  turbidity  5  hrs  after  the  beginning  of  dredging  in 
Table  7  and  the  comparison  of  the  record  of  measured  turbidity  in  Figure  7  are 
presented. 


MEASURES  FOR  PREVENTION  OF  SECONDARY  POLLUTION  ; 

The  dredging  operation  by  the  Pneuma  pump  dredge  causes  the  release  of  I 

an  offensive  odor  unique  to  the  polluted  mud,  and  an  oily  material  mixed  with 
light  organic  dust  emerges  forming  films  on  the  surface  of  muddy  water  dis¬ 
charged  into  the  hopper  barges.  The  smell  and  oily  material  must  be  properly 
disposed  of  and  the  dispersion  of  mud  particles  and  suspended  oily  material 
must  be  prevented  as  well. 

Measures  Against  Foul  Smell  , 

The  polluted  mud  sediment  at  sea  bottom  is  in  a  state  of  anaerobic  . 

fermentation  and  causes  an  offensive  odor  due  to  the  gases  generated  such 
hydrogen  sulfide,  methacabutane ,  and  thio-glycolic  acid.  « 

To  handle  the  foul  smell  from  the  distributor,  the  release  gas  is  thor-  , 

oughly  washed  and  diluted  through  the  shower  in  the  absorption  tower  and  is  * 

then  discharged  into  the  atmosphere  from  a  high  position.  For  prevention  of 
foul  smell  from  the  mud  discharged,  one  bagful  of  deodorant  agent  (20  kg)  is 
spread  over  one  bargeful  of  mud.  The  deodorant  is  composed  of  95%  bentonite,  j 

4%  phyroligneous  acid,  and  1%  papain  enzyme  and  eliminates  foul  smells  through  ;  \ 

the  catalytic  action  and  absorptive  power  of  the  ingredients. 

Measures  for  Disposal  of  Oily  Suspensions 


When  the  polluted  muddy  sediment  is  pumped  into  the  hopper  barge,  oily 
substances  mix  with  minute  organic  substances  and  float  on  the  surface,  form¬ 
ing  foamy  scums.  In  order  to  dispose  of  these  oily  substances,  a  half  can 
(18  litre)  of  neutralizer  is  first  sprayed  over  a  bargeful  of  mud.  Then, 
after  discharging  the  mud,  the  same  quantity  of  neutralizer  is  sprayed  along 
the  boundary  of  the  oil  fences.  These  oil  fences  have  curtains  underneath 
that  are  stretched  around  the  discharge  nozzle  of  the  mud  pipe.  (The  curtain 
has  a  peripheral  length  of  300  m) .  The  spraying  is  done  by  a  pump  and 


32 


i 

L 


Figure  6.  Turbidity  survey  in  the  vicinity  of  Aji  River  Dolphin 

the  neutralizer,  diluted  to  about  20%  solution,  is  ejected  from  the  hose 
nozzle. 

Prevention  of  Dispersion 
of  Discharged  Soil  and 
Countermeasures  for  Surplus  Water 

Prevention  of  dispersion  and  outflow  of  the  mud,  and  quality  control  of 
surplus  water,  both  require  a  great  amount  of  care.  The  disposal  site,  as  is 
its  nature,  has  to  accept  an  enormous  quantity  of  muddy  water  in  addition  to 
ordinary  dredged  soil,  etc.  Therefore,  a  facility  for  disposal  of  the  surplus 
water  is  attached  to  the  disposal  site. 


At  the  North  Port  disposal  site,  the  result  of  the  bottom  soil  test  and 
the  elution  test  is  checked  prior  to  disposal  to  ensure  compliance  with  the 
standard  two  drainage  canals,  four  precipitant  mixing  stations,  and  a  monitor¬ 
ing  facility  for  turbidity  automatically  measure,  record,  and  watch  the 


Table  7.  -Result  of  Survey  on  Transparency  and 
Turbidity  of  Aji  River 


March  27,  1979 


Weather:  Fine,  Temperature:  16  C  During  dredging  operation  at  rising  tide. 


Point  of 
measurement 

Time  of 

measurement 

Depth  of 
water 

Transparency 

Upper 

layer 

Turbidity 

Middle 

layer 

Lower 

layer 

Remarks 

Pneuma  pump 

dredge 

Sequence  of 

No.  1 

13:53 

11. 0 

0.5 

13.0 

11.0 

8.0 

measurement 

3 

2 

10.5 

0.6 

13.0 

11.0 

4.0 

2 

3 

13:53 

10.0 

0.6 

13.0 

10.0 

4.0 

1 

4 

11.3 

0.5 

12.0 

10.0 

6.0 

4 

5 

10.0 

0.6 

12.0 

11.0 

5.0 

5 

6 

10.7 

0.5 

14.0 

10.0 

10.0. 

8 

7 

10.7 

0.5 

14.0 

9.0 

9.0 

7 

8 

11.5 

0.6 

14.0 

9.0 

7.0 

6 

9 

9.0 

0.5 

12.0 

10.0 

6.0 

9 

10 

14:03 

9.0 

0.6 

13.0 

11.0 

6.0 

10, 

Grab  dredga 

of  closed  bucket  type 

No.  11 

5.0 

0.4 

20.0 

38.0 

40.0 

3 

12 

5.4 

0.6 

13.0 

12.0 

9.0 

2 

13 

.14:06 

5.0 

0.6 

13.0 

12.0 

12.0 

1 

14 

5.0 

0.5 

16.0 

35.0 

80.0 

8 

15 

14:16 

9.0 

0.6 

15.0 

14.0 

7.0 

9 

16 

5.8 

0.5 

15.0 

14.0 

30.0 

5 

17 

6.0 

0.6 

14.0 

18.0 

25.0 

6 

18 

6.2 

0.6 

14.0 

13.0 

25.0 

7 

19 

4.0 

0.4 

23.0 

/ 

13.0 

- 

4 

Upper  layer:  0.5  m  below  surface  Middle  layer:  2  m  below  surface 

Lower  layer:  2  m  above  water  bottom 
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quantity  of  suspended  substance  and  values  of  COD  and  pH  so  that  the  quality 
of  surplus  water  can  be  controlled. 


The  device  for  discharging  through  slits  at  the  end  nozzle  of  the  pipe 
line  and  the  oil  fence  effectively  prevent  the  primary  dispersion  of  soil 
particles  and  promote  their  precipitation. 


Transparency  tests  of  the  water  samples  taken  from  the  surface,  middle, 
and  bottom  layers  outside  the  oil  fence  show  that  turbidity  disappears  400- 
5C0  m  outside  the  oil  fence. 

FUTURE  PROGRAM  OF  DISPOSAL  OF  POLLUTED  MUD  SEDIMENT 


At  present,  the  operations  for  1982  of  the  Five  Year  Plan  of  Prevention 
of  Pollution  Project  of  Osaka  Port  (1981  -  1985  fiscal  year)  are  under  way. 
The  following  quantity  of  disposal  is  planned  for  each  river  in  and  after 


1982: 


Aji  River 
Shirinashi  River 
Kizu  River 


278.900  nu 
141,300  mf 

157.900  m 


Total  578,100  m3 


For  guidance,  the  total  dredged  soil  accepted  by  the  site  of  disposal  in 
North  Port  was  11,887,000  m-^  by  fiscal  year  1981.  Although  the  polluted  mud 
sediment  of  1,461,000  m-^  dredged,  transported,  and  discharged  by  the  "ShunKai" 
squadron  is  included  in  the  above,  this  quantity  accounts  for  only  12Z  of  the 
total  dredged  soil. 

In  1984,  accept.u-  ,i  the  dredged  soil  in  the  Northern  Area  will  be 
termin  ted.  In  and  y!;ur  1984,  acceptance  and  disposal  of  general  dredged 
soil  and  the  pollm  •;  mud  will  be  made  at  the  Southern  Area  (capacity  of 
acceptance  46,0('i>,J00  m^). 

The  Pure. ri  intends  to  convert  both  disposal  sites,  the  Northern  and 
Southern  area  of  North  Port,  into  newly  reclaimed  land  through  intensive 
application  of  various  soft  ground  methods  of  improvement.  Then  these  new 
lands  can  contribute  to  the  future  development  of  Osaka  Port. 


POSTSCRIPT 


The  author  is  confident  that  the  very  emergence  of  "ShunKai"  has  opened 
a  new  way  to  the  dredging  of  polluted  mud.  He  also  earnestly  hopes  to  attain 
more  complete  mud  dredging  techniques  through  further  application  of  new 
technologies  in  the  future. 
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CONSTRUCTIVE  USE  OF  DREDGED  SAND 


N.E.  Parker,  P.E. 

Coastal  Engineering  Research  Center 
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Fort  Belvoir,  Virginia  22060 


ABSTRACT 

Two  obvious  opportunities  for  constructive  use  of  large 
volumes  of  dredged  sand  are  beach  preservation  and  offshore 
bar  construction.  To  date,  research  has  focused  on  beach 
preservation.  Technology  to  place  dredged  sand  directly  on 
the  beach  has  been  developed  and  is  now  routinely  used. 
Technology  to  place  material  offshore  for  distribution  on  the 
beach  by  natural  forces  has  not  yet  matured.  Considerable  re¬ 
search  designed  to  define  the  limiting  depths  within  which 
natural  distribution  will  occur  has  been  undertaken  both  in 
the  laboratory  and  in  the  field.  Some  of  the  most  compre¬ 
hensive  work  was  done  by  the  Corps  of  Engineers  Coastal  Engi¬ 
neering  Research  Center  in  1976  and  1978  using  a  split-hull 
barge  and  a  split-hull  hopper  dredge  for  sand  transport  and 
placement.  In  the  1976  experiment,  27,000  m"5  of  sand  was 
placed  in  a  single  mound  between  -2  and  -3  foot  contours.  In 
the  1978  experiment,  almost  34,000  nr5  was  placed  at  three 
different  depths  averaging  2.7,  3.6,  and  4.7  meters.  These 
experiments  generally  confirmed  the  feasibility  of  beach  nou¬ 
rishment  by  placement  of  dredged  sand  in  relatively  shallow 
water.  To  date,  little  research  aimed  at  the  development 
of  technology  to  construct  offshore  bars  in  depths  adequate 
for  the  operation  of  medium  and  large  hopper  dredges  has  been 
undertaken.  Little  information  is  available  about  the  stability 
of  such  bars,  their  effect  on  the  shoreline,  or  their  effect  on 
wave  climatology. 


INTRODUCTION 


Background 

The  construction  and  maintenance  of  coastal  harbors  and  navigation  channels 
has  always  involved  dredging  of  large  volumes  of  material  -  much  of  it  sand. 
Over  time,  the  amount  of  material  dredged  has  steadily  increased  as  the  depth 
demands  of  shipping  have  increased.  In  the  United  States,  sand  has  long  been 
in  abundant  supply  and  readily  available  from  conventional  upland  sources  at 
a  modest  cost.  Consequently,  sand  as  a  natural  resource  has  been  taken  for 
granted.  For  a  variety  of  reasons,  sand  from  conventional  sources  has  become 
increasingly  more  expensive  and  less  readily  available  in  recent  years.  As  a 
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consequence  of  the  decreasing  availability  from  conventional  sources  and  the 
increasing  volume  of  dredged  sand,  recognition  of  the  importance  of  dredged 
sand  as  a  natural  resource  has  been  growing  during  the  past  2  or  3  decades. 

At  the  same  time,  concern  about  the  ultimate  consequences  of  wasting  this  re¬ 
source  at  sea  has  mounted.  Considerable  attention  has  been  given  -  and  con¬ 
tinues  to  be  given  -  to  constructive  use  of  dredged  sand.  In  the  marine  en¬ 
vironment,  the  two  obvious  opportunities  for  the  constructive  use  of  large 
volumes  of  dredged  sand  are  beach  preservation  and  construction  of  offshore 
bars.  Most  research  and  development  has  focused  on  technology  for  beach 
preservation.  Little  effort  has  been  made  to  develop  technology  for  bar  con¬ 
struction. 

Beach  Preservation 

Eroded  beaches  are  usually  restored  by  an  initial  placement  of  sand  to 
return  the  beach  to  a  selected  pre-existing  dimension.  The  restored  beach 
often  continues  to  erode,  necessitating  periodic  placement  of  additional 
sand  to  nourish  the  restored  beach.  The  Corps  of  Engineers  is  actively 
engaged  in  a  program  of  beach  restoration  and  beach  nourishment  in  the  United 
States.  Beach  restoration  is  usually  accomplished  by  direct  placement  of 
sand  on  the  beach  proper.  Beach  nourishment  is  usually  accomplished  by  simi¬ 
lar  placement  or  by  placement  of  sand  to  form  a  feeder  beach  from  which  natural 
forces  will  distribute  sand  along  the  beach  to  be  nourished.  For  both  activi¬ 
ties,  sand  is  often  mined  from  offshore  deposits  by  dredges.  Beach  preserva¬ 
tion  can  be  -  and  sometimes  is  -  combined  with  harbor  or  channel  dredging  to 
permit  constructive  use  of  the  dredged  sand.  Technology  to  place  sand  so 
dredged  or  mined  directly  on  beaches  or  feeder  beaches  is  quite  well  devel¬ 
oped.  Both  hopper  and  pipeline  dredges  are  routinely  used.  Direct  place¬ 
ment  is  effective  and  is  a  constructive  use  of  the  dredged  sand  resource  but 
economic  and  other  advantages  may  be  realized  from  offshore  placement  of 
nourishment  sand.  Waves  and  wave- induced  currents  active  in  nearshore  waters 
are  a  natural  transport  system  that  will  distribute  sand  along  a  shore.  Much 
investigative  attention  has  been  devoted  to  definition  and  understanding  of 
this  littoral  process  but  definition  and  understanding  are  still  quantitatively 
imprecise.  Effective  utilization  of  the  littoral  process  in  beach  nourishment 
actions  involving  offshore  feeder  sources  requires  definition  of  the  seaward 
limit  of  the  zone  within  which  natural  transport  success  is  predictable. 

Efforts  to  that  end  have  been  made  and  are  continuing.  Summarization  of  the 
results  of  those  efforts  is  the  primary  purpose  of  this  paper. 

Offshore  Bar  Construction 


Recent  dialogue  about  constructive  use  of  the  dredged  sand  resource  has  in¬ 
cluded  offshore  bar  construction.  Although  large  volumes  of  sand  can  be  used 
to  nourish  and  restore  beaches,  a  number  of  economic  and  other  considerations 
combine  to  more  or  less  limit  this  use  to  instances  where  pipeline  or  small, 
shallow-draft  hopper  dredges  are  used.  Medium  and  large  hopper  dredges  cannot 
operate  within  the  effective  littoral  transport  zone  unless  a  pump-out  terminal 
with  proper  approach  channel  is  established.  This  option  is  quite  often  not 
available  and  is  always  relatively  costly.  Additionally,  there  are  practical 
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limits  to  the  volumes  of  dredged  sand  that  can  be  used  to  nourish  beaches 
near  harbors  and  channels.  There  seem  to  be  no  practical  limits  to  the 
volumes  of  sand  that  can  be  used  to  construct  offshore  bars  in  water 
depths  in  which  medium  and  large  hopper  dredges  can  operate.  Such  bars 
would  most  certainly  interact  with  the  physical  environment  in  which  they 
were  sited.  Precise  interactive  effects  are  not  readily  predictable 
from  present  knowledge  and  understandings  but  present  knowledge  and  under¬ 
standings  do  permit  general  predictions  with  considerable  confidence. 
Interactive  effects  will  be  subtly  rather  than  boldly  expressed  and  subtlety 
will  increase  with  increasing  depth  of  water  over  the  bar.  Some  shoreward 
movement  of  sand  from  the  bar  may  occur  but  the  volumetric  rate  of  movement 
will  be  quite  low  and  will  be  an  inverse  function  of  increasing  depth.  At 
the  depths  suited  to  large  hopper  dredge  operation,  losses  of  sand  from  the 
bar  are  apt  to  be  quite  slow  or  negligible  and  consequently  any  changes  in 
configuration  will  be  very  gradual.  The  presence  of  the  bar  may  alter  the 
wave  climate  somewhat.  In  depths  suited  to  operation  of  large  hopper  dredges, 
the  amplitude  of  all  but  extreme  event  waves  is  not  likely  to  be  affected 
but  the  period  of  long  period  waves  may  be  reduced.  This  and  the  physical 
barrier  effect  of  the  bar  may  combine  to  restrict  seaward  movement  of  material 
eroded  from  the  beach  area.  Little  investigative  attention  has  been  given  to 
these  and  other  interactions. 

Pertinent  Beach  Nourishment  Research 


Several  experiments  have  been  conducted  to  examine  the  efficiency  of  beach 
nourishment  from  offshore  feeder  sources.  Two  beach  nourishment  projects  have 
been  completed  in  which  the  nourishment  sand  was  placed  offshore. 

A  two-dimensional  laboratory  study  which  simulated  small  and  large  storm 
conditions  of  the  Great  Lakes  wave  climate  was  reported  by  Kamphuis  and  Bridge- 
man  in  1975.  This  showed  that,  under  the  controlled  laboratory  conditions, 
sand  properly  located  on  the  profile  and  placed  at  the  proper  time  in  the 
season  would  move  shoreward  and  accrete  to  the  beach. 

Three  field  experiments  were  conducted  prior  to  the  1976  and  1978  experi¬ 
ments  described  later  in  this  paper.  Sand  placed  offshore  in  the  experiments 
at  Long  Branch,  NJ  (Hall  and  Herron,  1950;  Harris,  1954),  Atlantic  City,  NJ 
(Hall  and  Watts,  1975),  and  Santa  Barbara,  CA  (Wiegel ,  1964),  were  not  fully 
successful  or  conclusive.  At  Long  Branch,  460,000  m3  of  sand  placed  in  10-  to 
12-meter  water  depths  either  did  not  move  or  moved  "haphazardly.”  At  Santa 
Barbara,  153,000  mJ  of  sand  placed  in  a  1.5-meter-high  mound  in  6.7  meters  of 
water  showed  no  significant  change  in  configuration  9  years  later.  At  Atlantic 
City,  sand  was  placed  in  4.5  to  6.1  meters  of  water  but  postplacement  observa¬ 
tions  did  not  develop  enough  information  to  evaluate  its  behavior. 

Beaches  at  Copacabana,  Brazil  (Vera  Cruz,  1972),  and  Limjford  Barriers,  Den 
mark  (Mikkelsen,  1977),  were  successfully  mourished  from  feeder  sources  placed 
in  water  depth  of  4  to  6  meters. 


In  1976  and  1978,  field  experiments  were  conducted  by  the  Corps  of  Engineers 
Coastal  Engineering  Research  Center  at  New  River,  NC.  These  are  the  most  com¬ 
prehensive  investigations  undertaken  to  date.  The  remainder  of  this  paper  sum¬ 
marizes  those  experiments.  Detailed  reports  are  in  Technical  Paper  80-1, 

Coastal  Engineering  Research  Center,  by  Robert  K.  Schwartz  and  Frank  R. 
Musialowski,  and  a  Technical  Paper  to  be  published,  Coastal  Engineering  Re¬ 
search  Center,  same  authors. 


1976  EXPERIMENT 


The  experiment  was  designed  to  test  and  evaluate  the  hypothesis  that  sand 
dredged  from  a  coastal  inlet  and  placed  seaward  of  the  surf j zone  will  effectively 
nourish  the  downdrift  beach.  The  means  for  doing  this  became  available  when 
the  self-propelled  split-hull  barge,  "Currituck."  was  placed  in  service  in  1975. 
The  "Currituck"  is  shallow  draft  and  can  dump  in  2  meters  of  water.  Fully  loaded, 
its  capacity  is  between  200  and  300  m^.  It  was  loaded  by  a i side-cast  dredge. 

The  location  for  the  experiment  was  New  River,  NC,  which  isiabout  60  km  north¬ 
east  of  Wilmington,  NC.  The  beach  southwest  of  the  New  River  Inlet  (West 
Onslow  Beach)  was  the  nourishment  target.  The  beach  is  about  60  m  wide, 
backed  by  a  vegetated  foredune,  and  only  slightly  developed 

Definitions 

j 

The  offshore  zone  extends  from  the  surf  zone  to  the  seaward  edge  of  the 
Continental  Shelf.  The  nearshore  zone  extends  seaward  from [the  shoreline  well 
beyond  the  surf  zone  and  defines  the  area  of  nearshore  currents.  Nearshore  cur¬ 
rents  comprise  the  current  system  caused  primarily  by  wave  action  in  and  near 
the  surf  zone.  The  surf  zone  extends  from  the  limit  of  wav^  uprush  to  the 
outermost  breaker.  Nearshore  and  offshore  zones  overlap  and  lack  a  distinct 
boundary.  The  seaward  limit  of  this  experiment  is  within  tfje  overlap.  In  this 
paper,  offshore  refers  to  any  point  seaward  of  the  surf  zond. 

Procedures 

Placement  of  sand  in  the  test  area  began  19  July  1976  arid  continued  for 
26  days.  The  "Currituck"  placed  a  total  of  26,750  m^  along  a  210-meter  reach 
between  the  1.8-  and  4.0-m  contours.  The  tidal  range  was  about  1  m.  Monitoring 
began  7  days  before  the  start  of  placement  and  continued  71  days  after  comple¬ 
tion  of  placement  (12  July  to  19  October).  j 

| 

Profiles  extending  across  the  beach  and  nearshore  zone  Were  measured  at 
30-m  intervals  in  a  270-  *  300-m  area.  The  shore  normal  dimension  (500  m)  ex¬ 
tended  from  the  base  of  the  foredune  some  240  to  270  m  beyond  MLW  to  an  approxi¬ 
mate  water  depth  of  4.5  m  below  MLW.  The  beach  leg  of  each  profile  was  measured 
using  standard  rod  and  tape  surveying  techniques.  The  seaward  leg  was  measured 
using  a  towed,  bottom-riding  sea  sled  with  mounted  stad'a  board  (Musialowski 
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and  Schwartz,  1979).  The  sled  was  towed  seaward  to  the  outer  station  on  the 
profile  line  and  then  pulled  landward  by  a  shore-based  winch.  Position  and 
elevation  data  were  obtained  as  it  was  pulled  shoreward.  The  profile  data 
were  used  to  calculate  volumes  between  adjacent  profiles. 

Sediment  samples  were  collected  from  the  upper  2  cm  of  the  seabed  at  7.6-m 
intervals  along  a  profile  line  near  the  middle  of  the  study  area.  Current 
velocity  and  direction,  breaker  height  and  period,  angle  of  wave  approach,  and 
wind  velocity  and  direction  were  measured  from  14  July  to  16  September  using 
Littoral  Environment  Observation  (LEO)  techniques  (Bruno  and  Hippaka,  1973) . 
Aerial  photographs  were  used  to  document  beach  and  offshore  feeder  pile  con¬ 
figuration  and  to  examine  nearshore  circulation  in  the  placement  area.  Several 
current  meter  measurements  were  made  to  document  current  distribution. 

Physical  Environment 


Before  the  experiment,  the  beach  was  fronted  by  a  shore-parallel ,  semi- 
continuous  bar  located  in  the  outermost  part  of  the  surf  zone.  The  beach 

and  nearshore  sands  were  fine  grained  (0.14  mm)  and  well  sorted.  The  tidal 

range  predicted  for  the  study  period  had  a  mean  of  1.0  m  and  a  spring  of  1.1  mi 

Breaker  heights  ranged  from  about  0.1  m  to  about  1.6  m  and  averaged  0.55  m 

with  a  standard  deviation  of  0.26  m.  Breaker  periods  ranged  from  about  1 
second  to  about  12  seconds  and  averaged  7.3  seconds  with  a  standard  deviation 
of  1.8  seconds.  During  the  placement  period,  summer  oceanographic  conditions 
prevailed.  Breaker  heights  were  usually  less  than  0.6  m  and  breaker  periods 
were  usually  shorter  than  6  seconds.  Waves  generally  came  from  the  southerly 
direction.  During  the  latter  part  of  the  experiment,  winter  oceanographic 
conditions  dominated.  Breaker  heights  were  commonly  greater  than  0.6  m  and 
breaker  periods  were  typically  longer  than  7  seconds.  Winter  currents  were 
typically  southwest  at  23  m  per  minute  whereas  summer  currents  were  northeast 
at  18  m  per  minute.  Currents  were  wave  induced  throughout  the  experiment; 
the  test  area  was  outside  the  influence  of  inlet-associated  tidal  currents. 

Resul ts 

The  mechanics  and  volumetric  rate  of  placement  more  or  less  dictated  the 
creation  of  separated  but  very  closely  spaced  rectangular  piles  of  sand 
arrayed  shore  parallel  with  long  axes  normal  to  the  shore.  The  individual 
piles  were  about  9  x  25  x  1.5  m.  Collectively,  these  piles  formed  a  local 
shoal  which  caused  waves  to  deform  and  break.  The  more  seaward  parts  of  the 
shoal  were  subjected  to  less  wave  breaking  than  were  the  more  landward  parts 
because  the  water  there  was  deeper  over  the  shoal.  In  the  short  term*  the 
wave  and  current  rewording  of  the  shoal  coalesced  the  individual  piles  into  a 
generally  shore  parallel  bar  seaward  of  the  naturally  occurring  surf  zone  bar. 

The  bar  thus  formed  migrated  shoreward  but  never  reached  the  surf  zone  bar. 

The  migration  rate  was  sporadic  and  reflected  the  degree  of  wave  activity.  As 
the  bar  neared  the  surf  zone  bar,  it  was  either  eliminated  or  became  rounded  and 
much  reduced  in  relief.  During  the  last  month  of  the  experiment  when  storm 
conditions  prevailed,  the  profiles  in  the  placement  area  accreted  in  the  offshore 
zone.  Accretion  was  also  evident  on  profiles  outside  the  placement  area  indicating 
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that  this  accretion  was  a  redistribution  of  sediments  independent  of  the  experi¬ 
ment.  The  surf  zone  bar  landward  of  the  placement  area  eroded  or  was  displaced 
landward.  At  the  same  time,  the  surf  zone  trough  filled  and  became  an  exten¬ 
sion  of  the  foreshore.  Adjacent  to  the  placement  area,  the  surf  zone  trough 
also  filled  but  the  surf  zone  bar  remained  stationary. 

During  the  first  month  after  placement  was  completed,  a  large  decrease  in 
volume  in  the  offshore  zone  was  noted.  About  75  percent  of  the  placed  sand 
was  apparently  removed  during  this  period.  Adjacent  to  the  updrift  side  of 
the  placement  area,  a  slight  increase  in  volume  was  measured.  Adjacent  to 
the  downdrift  side  of  the  placement  area  a  substantially  larger  volume  gain 
was  measured.  Volume  changes  in  the  inshore  zone  were  similar  but  of  lesser 
magnitude. 


1978  EXPERIMENT 


Purpose 

In  the  1976  experiment,  placement  was  essentially  in  a  single  mound  at  a 
single  depth!  It  showed  that  the  sand  so  placed  was  distributed  by  littoral 
processes.  The  1978  experiment  was  designed  to  test  and  evaluate  the  effects 
of  increased  placement  depth  on  postplacement  transport.  To  do  this,  place¬ 
ment  in  several  mounds  and  at  different  depths  was  planned.  The  1978  experi¬ 
ment  differed  from  the  1976  experiment  in  3  important  aspects  other  than 
placement  patterns.  The  1978  experiment  was  designed  to  continue  for  at 
least  12  months.  The  "Currituck"  was  modified  by  the  addition  of  drag  heads 
and  pumps  and  became  a  small  hopper  dredge  instead  of  a  self-propelled  barge. 
The  Coastal  Research  Amphibious  Buggy  (CRAB)  replaced  the  less  versatile  sea 
sled  as  a  surveying  vehicle.  The  1978  experiment,  like  the  1976  experiment, 
was  conducted  at  New  River,  NC.  West  Onslow  Beach  remained  the  nourishment 
target. 

Definitions 


The  terms  used  in  discussing  the  1978  experiment  have  the  same  meanings  as 
for  the  1976  experiment. 

Procedures 


Sand  was  placed  in  three  different  water  depth  locations  during  July  and 
August.  The  average  water  depths  at  these  locations  were  2.7  m,  3.6  m,  and 
4.7  m.  A  total  of  33,900  m-*  was  placed  in  35  days.  Monitoring  began  in  June. 

Data  collection  devices  were  mounted  on  the  CRAB  which  carried  a  horizontal 
positioning  system  interfaced  with  a  shore-based  minicomputer.  Elevations  were 
measured  by  a  shore-based  level  and  the  CRAB  stadia  board.  Both  position  and 
elevation  data  were  recorded  on  tape.  This  semi -automated  data  collection 
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system  provided  significant  in-field  data  reduction,  allowed  real  time  tracking 
of  the  vehicle,  and  permitted  real  time  analysis  of  profile  shape.  The  quality 
of  data  benefited  accordingly. 

Profiles  were  measured  in  the  same  pattern  as  in  the  earlier  experiment  in  a 
490-m  x  450-m  area. 

Vibracores  were  taken  along  selected  shore  normal  transets  using  a  CRAB- 
mounted  portable  vibracoring  system  (Lanesky,  Logan,  Brown,  and  Hine,  1979). 
Divers  collected  sediment  samples  from  the  upper  20  cm  of  the  seabed  along 
3  profile  lines. 

Physical  Environment 


Tne  physical  environment  was  essentially  the  same  as  for  the  1976  experi¬ 
ment  . 

Results 

As  in  the  1976  experiment,  sand  was  placed  in  rectangular  piles  about 
9mx25mxl.5m.  At  shallow  water  locations,  the  piles  were  grouped  as 
in  1976  and  in  short  term  coalesced  to  form  pseudo  bars.  At  deeper  water 
locations,  piles  were  placed  on  top  of  one  another  as  well  as  side  by  side. 

This  placement  produced  2.5-m-high  mounds  with  water  cover  of  about  0.6  m. 

Wave  and  current  reworking  of  all  three  bars  occurred  as  in  1976  and  with 
similar  results.  The  early  volumetric  loss  rate  measured  from  inshore 
was  very  comparable  to  that  measured  in  1976.  The  loss  rate  decreased  with 
time  but  movement  out  of  the  placement  area  was  still  evident  a  year  after 
placement.  The  bar  formed  by  placement  in  the  intermediate  depth  area  also 
migrated  landward  and  underwent  relief  reduction.  Both  were  at  somewhat  lower 
rates  than  the  shallow  depth  bar  and  both  decreased  with  time.  The  bar  re¬ 
mained  a  distinct  identifiable  feature  for  a  longer  time  period  than  did  the 
inshore  bar.  The  bar  created  by  placement  in  the  greatest  water  depth  area 
migrated  landward  at  a  slower  rate  than  either  of  t'~  e  two  inshore  of  it  and 
the  volumetric  loss  rate  from  it  was  markedly  less  than  for  the  other  two. 

No  lateral  movement  of  this  bar  was  discernible  during  the  first  five  months 
after  placement. 

In  the  test  area  as  a  whole,  the  bars  formed  by  sand  placement  migrated 
landward  and  laterally  albeit  at  different  rates.  This  migration  was  most 
evident  during  the  first  6  months  of  the  experiment.  At  the  same  time,  the 
volume  of  sand  contained  in  the  bars  diminished.  No  seaward  displacement 
occurred.  These  observations  were  confirmed  by  textural  changes  in  bottom  sedi 
ments  in  the  area.  The  rate  at  which  the  bars  were  modified  was  greatest  for 
the  most  landward  bar  and  lowest  for  the  most  seaward  bar.  The  highest  initial 
volume  changes  were  at  locations  in  or  near  the  breaker  zone. 


CONCLUSIONS 


Shallow  draft,  split-hull  hopper  dredges  can  place  dredged  sand  just  sea¬ 
ward  of  the  surf  zone  so  that  it  will  move  onto  and  along  the  beach.  Such 
dredges  can  also  maintain  shallow-draft  navigation  channels  including  entrance 
channels  through  tidal  inlets.  Shallow-draft,  split-hull  hopper  dredges  are 
therefore  quite  competent  for  sand  bypassing  at  tidal  inlets  and  for  the  con¬ 
structive  use  of  dredged  sand  in  beach  preservation  activities.  No  further 
laboratory  or  field  experiments  seem  warranted  but  large-scale  demonstration 
projects  should  be  planned.  Such  demonstration  projects  should  be  monitored 
until  the  technology  is  judged  mature. 

Demonstration  of  the  eff eotiveness  of  shallow  water  placement  of  dredged 
sand  for  constructive  purposes  is  a  partial  answer  to  concern  about  wasting 
an  important  natural  resource.  The  larger  question  about  constructive  use  of 
sand  dredged  by  medium  and  large  hopper  dredges  remains.  Offshore  bar  con¬ 
struction  should  now  be  addressed  by  a  large-scale  demonstration.  That  demon¬ 
stration  should  be  designed  to  determine  whether  the  sand  remains  where  placed, 
whether  the  bar  modifies  the  wave  and  current  climate,  and  whether  the  bar 
modifies  shore  normal  sediment  transport  patterns. 
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ABSTRACT 

When  dredging  soft  sea  bottom  sediments,  it  is 
important  to  estimate  the  suspended  solids  (SS)  con¬ 
centration  in  the  effluent  from  the  overflow  weir.  In 
some  cases,  special  effluent  treatment  methods  must  be 
adopted  to  meet  the  SS  concentration  level  and  environ¬ 
mental  quality  standard.  One  effective  means  for  reduc¬ 
ing  the  SS  concentration  level  of  the  effluent  is  to 
employ  the  SS  removal  ability  of  the  diked  containment 
area  through  the  hydraulically  appropriate  layout  of 
inlet/outlet  or  baffle  walls  in  the  containment  area. 

To  estimate  the  effluent  SS  concentration  and  to  evalu¬ 
ate  the  sedimentation  promotion,  model  tests  were  performed 
on  the  influence  of  the  SS  concentration  in  the  influent 
and  on  the  effect  of  inlet/outlet  layouts  and  installation 
of  baffle  walls  in  the  containment  area. 

In  model  tests  on  the  influence  of  the  SS  influent 
concentration  on  that  of  the  effluent,  fly  ash  and  Kibushi 
clay  were  used  as  testing  materials  in  20  cases  where  the 
influent  SS  concentration  was  varied  0.2  -  100  g/f  and  the 
number  of  steps  of  overflow  rate  was  2.  The  SS  runoff 
rate  tends  to  decrease  with  the  increase  of  influent  SS 
concentration,  and  an  experimental  equation  of  SS  runoff 
rate  was  obtained.  Effluent  SS  concentration  had  the 
peak  value  at  around  10  g/>.  of  influent  SS  concentration. 

In  the  model  tests  on  the  sedimentation  promotion 
effect  of  the  inlet/outlet  layouts,  fly  ash  was  used  as 
testing  material  in  30  cases  where  the  concentration 
was. 10  g/f  and  the  number  of  types  of  layout  and  struc¬ 
ture  was  11.  The  four  ste^s  of  overflow  rate  covered 
0.139  ■  1 0"5  to  1.39  *  10-3  m/sec.  The  layout  types 
were  divided  into  two  groups  according  to  their 
characteristics.  One  group  showed  the  value  of  SS  con¬ 
centration  smaller  than  c^,  calculated  from  the  formula 
of  ideal  settling  basin;  the  other  group  showed  a  value 
larger  than  Cq.  Good  sedimentation  promotion  effect 
was  obtained  even  in  the  simple  types. 

In  the  model  tests  on  the  sedimentation  promo¬ 
tion  effect  of  baffle  walls  installation  in  the  con¬ 
tainment  area,  fly  ash  was  used  as  testing  material, 
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at  a  concentration  of  10  g /t,  in  30  cases.  The  number 
of  types  of  baffle  walls  installation  was  10,  and 
overflow  rate  was  as  before.  In  the  small  overflow 
rate  range,  SS  concentration  of  effluent  in  any 
baffle  wall  installation  type  was  approximately 
equal  to  that  of  the  ideal  settling  basin.  However, 
in  the  large  overflow  rate  range,  a  high  sedimenta¬ 
tion  promotion  effect  was  observed  in  the  submerged 
cross  dike. 


INTRODUCTION 

When  pump  dredged  sediments  are  disposed  into  the  diked  containment  area, 
water  pollution  will  not  occur  around  the  containment  area  by  the  effluent  if 
dredged  sediments  are  good  quality  sand.  However,  attention  must  be  paid  when 
the  dredged  material  is  small  in  particle  size  like  silt  and  clay  and  polluted 
by  organics  or  toxic  matters.  When  an  adverse  impact  on  fishery  may  be 
expected,  the  selection  of  dredging  period,  restriction  on  the  operation  of 
pump  dredge,  or  effluent  treatment  must  be  considered.  In  all  cases  it  is 
important  to  know  the  relationships  between  effluent  quality  and  dredged 
material,  reclamation  area,  and  operating  condition.  In  this  report,  the 
authors  tried  to  investigate  SS  that  did  not  settle  in  the  containment  area 
and  ran  off  with  the  effluent.  The  SS  concentration  correlates  not  only  with 
turbidity,  but  also  with  quantity  of  toxic  matters-  in  the  reclamation  of 
bottom  sediments  containing  toxic  matters.  Therefore,  SS  concentration  is  a 
basic  and  useful  measure  of  water  quality. 

In  the  field  of  water  works  and  sewage  treatment,  SS  removal  in  the 
settling  basin  has  been  studied  and  many  references  are  available 
(1  -  3,  8,  9).,  These  basins,  however,  are  fairly  different  from  the  diked 
containment  areas  for  reclamation  with  dredged  material,  so  only  the  basic 
ideas  of  the  literature  can  be  useful,  but  this  is  not  sufficient.  For  this 
reason,  as  for  soil  particle  settling  in  the  containment  area,  more  studies 
from  a  different  viewpoint  than  water  works  and  sewage  settling  basin  are 
needed  (A  -  6). 

The  main  features  of  containment  areas  are  as  follows: 

a.  Various  shape,  area,  depth  of  containment'  areas. 

b.  High  SS  concentration  of  influent. 

c.  Inlet  (influent  loading  pipe)  and  outlet  (effluent  weir)  are 
generally  small  and  can  be  considered  as  points. 

d.  Water  depth  of  the  pond  is  small  relative  to  the  water  area. 

e.  Quality  and  quantity  of  influent  are  not  uniform. 

_f .  Water  depth  and  water  area  decrease  with  the  process  of  reclamation. 

&.  In  many  cases  influent  loading  rate  (overflow  rate)  is  small  compared 
with  other  water  treatment,  but  influent  quantity  is  large. 
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Some  of  these  features  appear  strong  or  weak,  in  each  reclamation  work,  so  the 
phenomena  are  generally  complicated  and  difficult  to  explain.  In  other  words, 
there  may  be  cases  in  which  the  phenomena  appear  in  one  work,  but  not  in 
another,  or  the  same  SS  treatment  method  is  effective  in  one  work,  but  not 
effective  or  detrimental  to  another  work. 

The  authors  of  this  paper  are  studying  the  estimation  of  the  effluent  SS 
concentration  and  the  promotion  of  the  removal  effect  of  soil  particles  in  the 
containment  area.  This  report  introduces  model  tests  conducted  to  explain  the 
relationships  between  influent  SS  concentration  and  that  of  effluent,  SS 
removal  effect  promotion  by  inlet/outlet  layout  types  and  structures  (11,  12),. 
and  SS  removal  effect  promotion  by  the  installation  of  baffle  walls  in  the 
containment  aiea  (7,  10).  These  relationships  are  compared  with  the  effluent 
SS  concentration.  This  study  is  now  under  way,  and  the  analysis  may  not  be 
sufficient  and  the  model  test  method  may  need  further  consideration,  but 
qualitative  results  were  obtained  and  are  presented  herein. 

MODEL  TESTS 


Similarity  of  Model 

Model  test  results  are  significant  and  easy  to  transform  if  the  similarity 
law  between  real  and  model  is  clear.  In  model  tests  that  treated  fluids  like 
water,  tests  where  there  was  no  free  water  surface  (a  pipeline)  were  conducted 
based  mainly  on  Reynolds  law,  and  tests  where  there  were  effects  of  free  water- 
surface  (ports  and  harbors)  were  based  on  Froude’s  law.  But,  in  model  tests 
of  containment  areas  neither  of  these  similarity  laws  is  suitable.  Water 
surface  gradient  by  gravity  cannot  be  simulated  using  the  similarity  law  of 
Reynolds,  and  flow  pattern  like  swirl  caused  by  viscosity  cannot  be  simulated 
when  using  the  similarity  law  of  Ftoude.  In  addition  to  these  hydromechanical 
problems,  the  modeling  of  settling  particles  is  one  of  the  difficulties 
encountered  in  model  tests  of  settling  basins.  In  some  model  tests  on  ports 
and  harbors,  settling  particles  of  modified  specific  gravity  can  be  used  to 
suit  the  similarity  law  of  Froudc.  On  the  other  hand,  there  is  the  method 
where  the  real  settling  particles  are  used  for  simplification  of  testing.  In 
the  latter  case,  settling  phenomena  will  be  distorted  based  on  Reynolds'  or 
Froude's  laws  if  the  model  settling  basin  is  geometrically  similar  to  the  real 
one.  For  this  reason,  the  concept  of  an  ideal  settling  basin  perpendicular  in 
two  dimensions  is  introduced,  where  the  model  settling  phenomenon  is  similar 
to  the  real  one.  This  is  called  "similarity  of  overflow  rate"  and  is  used 
widely  in  the  water  treatment  field.  In  this,  the  hydromechanical  aspect 
decreases  because  the  settling  phenomenon  is  treated  as  ideal,  but  the 
velocity  term  in  the  model  is  equal  to  that  in  the  real.  It  is  smaller  than 
that  by  Reynolds'  law  and  larger  than  that  by  Froude's  law,  so  the  value  of 
the  velocity  term  by  the  law  of  overflow  rate  lies  between  the  two  laws. 

Models  in  this  paper  are  not  the  model  of  a  particular  real  containment  area. 
Comparisons  among  many  test  cases  are  shown,  where  model  specification  was 
determined  mainly  by  similarity  of  overflow  rate. 

Exper iment.-il_  Equipment 

The  model  containment  area  is  6.8  *  2.5  *  1.0  m  (Figure  1).  Water  depth 
was  usually  0.1  m  in  the  model  tests.  The  velocity  of  influent  at  the  inlet 
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Figure  1.  Model  containment  area 

pipe  of  the  real  '  (noted  *  in  case  of  real)  was  assumed  to  be  3  m/sec. 

The  basic  shape  of  inlet  pipe  was  a  rc".:.J  tube,  and  the  outlet  was  a  rectan¬ 
gular  weir.  The  inlet  velocity  of  th-:  model  vin  was  determined  by  the  similar¬ 
ity  law  of  Froude;  D  was  determined  according  to  the  overflow  rate  of  each 
test  case;  and  the  static  head  of  the  overflow  weir  H  was  also  determined 
according  to  the  overflow  rate.  The  model  basin  is  shown  in  Figure  1,  and 
the  plan  layout  of  experimental  apparatus  is  shown  in  Figure  2.  When  the 
model  scale  ratio  is  assumed  to  be  1/100,  the  main  dimensions  of  the  real 
containment  area  are  shown  in  Table  1. 
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LEGENO 

1  MIXING  TANK  6  INFLUENT  LOADING  PIPE 

2  STORE  TANK  7.  EFFLUENT  WEIR 

3  CIRCULATION  PUMP  8  CONTAINMENT  AREA 

4  SLURRY  PUMP  9.  AUTOMATIC  WATER 

5  PIPE  LINE  SAMPLER 


Figure  1.  Experimental  apparatus 
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Slurry  was  made  in  the  mixing  tank  (0.6  m  )  by  adding  testing  material 
and  fresh  water,  and  pumped  to  the  store  tank.  Slurry  in  the  store  tank 
(0.6  m-*)  with  a  stirrer  was  discharged  into  the  containment  area  at  a  speci¬ 
fied  loading  rate  and  velocity.  The  containment  area  was  initially  conditioned 
by  filling  with  fresh  water  up  to  the  top  level  of  the  effluent  weir  and  allow¬ 
ing  to  stand. 


Testing  Material 


In  model  tests  on  particle  settling,  materials  with  a  different  specific 
gravity  from  that  of  the  real  ones  may  be  used.  But  modeling  of  the  particles 
is  difficult,  especially  in  cases  where  the  particle  size  or  the  settling 
velocity  has  a  range  of  distribution;  in  these  cases,  real  particles  were 
used  in  the  model  tests.  These  experiments  used  no  particular  type  of  real 
soil  particle;  in  cases  where  the  settling  velocity  of  the  particles  is  dis¬ 
tributed,  fly  ash  and  Kibushi  clay,  which  are  easy  to  handle  in  model  tests, 
were  used  as  testing  materials. 


The  specific  gravity  of  a  fly  ash  particle  is  2.1  and  in  it  different 
colored  particles  can  be  observed.  Kibushi  clay  particles  are  2.6  in  specific 
gravity  and  homogeneous  in  color.  Figure  3  shows  the  cumulative  particle-size 
distribution  of  both  testing  materials  by  Coulter  Counter  method.  Volume  per 
unit  weight  of  each  material  in  water  differs  by  the  quantity  of  the  sample. 
Figjre  4  shows  the  results  of  the  column  tests  in  which  100  g  of  testing 
materials  was  added  to  water  to  make  a  1-Ji  mixture.  After  24  hours  of  line 
settling,  the  volume  per  unit  weight  of  testing  material  was  1.23  m£/g  for 
fly  ash  and  2.43  m£/g  for  Kibushi  clay. 


1  10  100 
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Figure  3.  Cumulative  particle  size  distribution 


36 


dimensions  of  the  model  and  the 


57 


kibushi  clay 
fly  ash 


Figure  4.  Results  of  the  column  tests 


Particle  settling  velocity  is  affected  by  the  concentration  of  the  par¬ 
ticles  and  decreases  with  the  increase  of  the  concentration  of  the  parti¬ 
cles  (13).  Settling  tests  were  conducted  to  investigate  the  settling  charac¬ 
teristics  of  the  testing  materials  using  a  settling  column  30  cm  in  diameter 
and  100  cm  in  height.  After  stirring  the  mixture,  the  water  was  sampled  at 
certain  time  intervals  at  a  fixed  point.  Figure  5  shows  a  plan  of  the  settling 

<$300  mm  , 


Figure  5.  Settling  column 


column.  Initial  sampling  depth  is  30  cm,  and  sampling  quantity  is  0.5  -  1  t 
at  a  time,  so  the  sampling  depth  S  gradually  decreases. 

Figures  6  and  7  show  the  solids  concentration  in  the  sample  water  in 
relation  to  the  initial  concentration  of  slurry.  For  fly  ash  with  an  initial 
concentration  CD  of  0.1  and  1  g/l,  the  concentration  of  the  sample  C  decreases 
gradually  with  the  lapse  of  tiue.  Plus,  C  is  higher  for  1  g/ l  CQ  than  for 
0.1  g/l  CQ.  However  10  g/l  C0  represents  line  settling  and  C  becomes  lower 
than  that  for  1  g/l  CQ  after  a  certain  amount  of  time.  This  tendency  is 
observed  more  clearly  for  100  g/l  C0,  and  C  becomes  lower  in  the  clear  water 
above  the  boundary  line  than  that  for  1  and  10  g/l  Cq  and  is  about  the  same 
value  as  0.1  g/l  CQ.  A  similar  tendency  was  observed  for  Kibushi  clay,  but 
the  line  settling  velocity  was  smaller  compared  with  fly  ash. 

Figures  8  and  9  summarize  these  results  in  the  form  of  cumulative  settling 
velocity  distribution.  In  case  of  fly  ash,  it  represents  line  settling  at  the 
initial  concentration  more  than  10  g/l,  and  when  initial  concentration  is  less 
than  1  g/l ,  where  the  settling  mechanism  is  discrete  settling,  it  makes  no 
difference  in  settling  velocity  distribution. 


Figure  6.  Solids  concentration  in  the  sample 
water,  fly  ash 
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Figure  7.  Solids  concentration  in  the  sample 
water,  Kibushi  clay 
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Figure  8.  Cumulative  settling  velocity 
distribution,  fly  ash 
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Figure  9.  Cumulative  settling  velocity  distribution, 

Kibushi  clay 

Kibushi  clay  (Figure  9)  shows  almost  the  same  characteristics  at  a  CQ  of 
0.1  and  1  g/£,  but  the  settling  velocity  seems  to  become  larger  at  10  g/1 
CQ.  For  100  g/5.  C0,  however,  the  cumulative  distribution  curve  varies  sharply 
at  line  settling  velocity  so  the  weight  percentage  of  the  particles  whose 
velocity  is  larger  than  line  settling  velocity  becomes  smaller  and  also  the 
weight  percentage  of  the  particles  whose  velocity  is  smaller  than  line 
settling  velocity  also  becomes  smaller. 

Based  on  the  cumulative  settling  velocity  distribution  shown  in  Figures  8 
and  9,  SS  runoff  rate  in  an  ideal  quiescent  settling  basin  was  calculated 
using  the  formula  of  Hazen  and  Camp  (1),  and  that  in  completely  mixing 
settling  basin  was  calculated  using  the  formula  of  Hazen  and  Molina  (3). 

These  results  are  shown  in  Figures  10-15.  Here,  SS  runoff  rate  c  is  the 
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Figure  10.  Fly  ash,  Cq  =  0.1,1  g /l 
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Figure  12.  Fly  ash,  C  =  100  g/2. 
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For  fly  ash,  SS  runoff  rate  decreases  as  the  influent  concentration  increases 

as  shown  in  Figures  10-12.  For  Kibushi  clay,  the  same  tendency  as  fly  ash 

can  be  seen  for  c  ,  but  a  c.  of  100  n/i  C  is  larger  than  that  of  1C  g/i  C  . 
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In  these  tests,  the  authors  intended  to  investigate  the  effect  of  the 
concentration  in  the  slurry  influent  on  that  ir.  the  effluent,  and  to  comp t re 
the  effect  of  sedimentation  promotion  itnong  the  different  layout  types  of 
inlets/outlets,  and  the  effect  of  sedimentation  promotion  by  the  installation 
of  baffle  walls  in  the  containment  area.  For  this  reason,  only  one  type  of 
containment  area  was  used.  The  influent  loading  time  of  duration  was  7  hours 
cont inuously . 

In  tests  to  investigate  the  relation  between  the  influent  concentration 

and  the  effluent  concentration,  influent  concentration  was  varied  from  0.2  to 

100  g/r,  where  overflow  rate  and  solid  material  were  parameters.  The  number 

of  steps  of  overflow  rate  was  two;  soil  materials  were  fly  ash  and  Kibushi 

clay.  In  other  tests  influent  concentration  C  was  10  g/i. 

o 

Water  depth  of  the  containment  area  h  did  not  affect  effluent  concentra¬ 
tion  in  the  ideal  basin  under  the  conditions  that  the  overflow  rates  were  the 
same  among  cases  and  that  resuspension  of  sedimented  particle  did  not  occur. 
However,  in  preliminary  model  tests  on  tvpe  A  layout  (see  Figure  21),  the  effect 
of  water  depth  was  observed.  When  the  water  depth  ranged  from  3  to  20  cm, 
there  was  no  remarkable  difference  among  the  solid?  concentration  in  the  efflu¬ 
ent,  but  in  the  range  of  30  to  80  cm,  a  decrease  in  concentration  was  clear. 

For  this  reason  and  for  convenience  of  testing,  h  was  set  at  10  cm. 

Influent  velocitv  at  the  end  of  the  influent  loading  pipe  'jn‘  was  J 
to  3  m/sec  in  general.  In  these  tests,  it  was  assumed  to  be  1  m/sec.  From 
t  In-  management  of  water  quality  point  of  view,  it  is  reasonable  to  make 
influent  velocity  smaller  for  reclamation  of  soft  bottom  materials.  Though 
it  is  not  yet  clear  theoretically  how  to  scale  .(n  in  model  tests,  scaling 
was  selected  using  the  similarity  law  of  Froude,  taking  into  account  descend¬ 
ing  particles  and  slurry  stream  from  inlet  pipe  and  density  current  around 
the  inlet.  As  a  result  of  preliminary  tests,  SS  runoff  rate  decreased  about 

13-''  at  3  cm/ sec  j,  and  increased  ebout  102  at  1  m/ sec  compared  with 

.in  in 

>0  cm/ sec  j  ,  . 

in 

In  the  model  tests,  as  the  influent  flowed  into  the  containment  area, 
which  was  already  full  of  fresh  water,  <iu.nu  i  t  v  and  concentration  of  the 
•  •  r  •  luerit  varied  as  shown  in  Figure  lt>.  Hie  representative  value  of  So  con¬ 
centration  in  effluent  was  a  me  in  value  after  the  appearance  of  steadv-stace 
• '  t  l !  ie  e  f  ;  1  uen  t  . 

;  is:  KK.sn.  ;s 


!‘'i'Ct  of  Influent  1  oncetit  rat  ion 

!  here  were  some  ca  ->e  -i  in  which  the  effluent  concent  rat  i  on  'inct  eased 
,',r  id'i  1 1  1  v  t  hroiighout  the  toiling  period  w'uor  imluent  concent  rat  ion  .as  rel  i~ 
f.  iv.'!'.  low,  or  till-  effluent  concent  r..’  i  >••.  increase.;  gr.  tiuillv  .if  te*  -•u,' 
stead',  -state.  !'i  vires  1  7-  ’o  sumariv*  •  '  re]  it  i  t.  .hi'.’  '•■••rveen  of  r  1  •.••m 

central  ion  and  in'  leer.t  concent  rat i  u  e. on  th>  value  I*  the  on  1  t  ' 
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Figure  17.  Effluent  concentration  and 
runoff  rate,  fly  ash  Q5 
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Figure  18.  Effluent  concentration  and 
runoff  rate,  fly  ash  Q10 


1 

i 


Figure  19.  Effluent  concentration  and 

runoff  rate,  Kibushi  clay  f)5 
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Figure  20.  Effluent  concentration  and  runoff 
rate,  Kibushi  clay  Q10 


in  the  former  case,  and  the  .s-'an  steady-state  value  in  the  latter  case.  From 
these  results,  solids  runof'  ate  C/C0  decreases  as  the  influent  concentra¬ 
tion  C  increases,  and  it  ca.>  be  represented  as  follows: 
o 


C/C 


o 


10 


-b(l  -  e) 


(4) 


where  a  and  b  are  coefficients  that  depend  on  soil  materials  and  overflow  rate 
l  is  void  ratio  and  is  defined  as  follows 

V  -  V 

s 


V 

s 


V's 


C  -  :jj  l  / 
o  s 


=  1  - 


C  /^  = 
o  s 


where 

V  =  volume  of  influent  slurry 

V  =  volume  of  solid  particle 
s 

,i  =  weight  of  solid  particle 


(5) 


Y  =  weight  of  solid  particles  per  unit  volume 
C  =  solids  concentration  in  influent 


On  the  other  hand,  effluent  concentration  C  is  expressed  by  the  following 
formula  from  Equation  4: 


Equation  6  has  a  peak  value,  and  the  value  of  C  increases  until  a  certain 
point  o'"  C0  and  then  decreases  with  the  increase  of  CQ  as  shown  in  Figures  17- 
20.  Test  results  showed  a  larger  value  of  C  than  the  value  from  Equation  6 
in  the  range  of  C0  larger  than  the  value  at  which  C  showed  peak  value,  but 
those  values  are  less  than  or  equal  to  the  peiak  C  value. 

For  fly  ash,  the  value  of  coefficient  a  ks  0.076  and  0.124  at  influent 

loading  rate  Q5  and  Q10,  respectively,  and  coefficient  b  is  80  in  both  ».ases. 
Equation  6  follows  well  the  values  of  C  obtained  by  tests  in  the  range  of  CQ 

less  than  20  g/i.,  but  after  that  it  gives  less  value  than  the  value  of  tests. 

This  is  especially  true  for  010,  where  the  water  path  varied  greatly  with  the 
progress  of  reclamation;  therefore,  solids  concentration  in  the  effluent 
varied  greatly. 

For  Kibushi  clay,  the  value  of  coefficient  a  is  0.143  and  0.262,  respec¬ 
tively,  and  b  is  160  in  both  cases.  Model  tefer  became  unstable  from  the  view¬ 
point  of  reappearance  and  the  test  res>  "il '-red  from  Equations  4  and  6 

when  CQ  was  approximately  2  g/t.  a  ’ |f  C  obtained  by  the  tests  was 

greater  than  the  value  t  rom  Equation  6  in  the  rs  >e  of  greater  CQ,  as  in  the 

case  of  fly  ash,  but  the  difference  was  smaller  ...an  chat  for  fly  ash  and  it 

decreased  with  the  progress  of  reclamation. 

Upon  comparing  these  results  with  the  SS  runoff  rate  calculated  from  the 
settling  velocity  distribution  by  settling  column  tests,  several  items  became 
clear.  For  f  1'.  ash,  iS  concentration  in  •-f.'liient  of  model  tests  is  near  t  tie 
value  of  ct  in  the  r  iotf  oc  C,,  less  than  1  g/it  (but  the  value  is  greater  than 
ct  in  the  range  of  L()  greater  ttian  it)  g/i;.  For  Kibushi  clay,  almost 
tiie  same  tendency  can  be  seen,  but  only  for  100  g/i  Cu  is  the  calculated 
value  of  ct  very  Large  and  becomes  larger  than  the  test  results. 

j 

Comparison  Among  Inlet/Outlet  l.ayout  lypes 

Sedimentation  promotion  effect  by  inlet/outlet  layout  and  those  structure- 
types  were  compared  by  SS  runoff  rate  in  the  effluent.  Each  layout  type  is 
shown  in  Figure  21  and  their  structure  is  shown  in  Figure  22.  ImpractiC.il 
ones  can  be  seen  among  these  types,  but  they  jreri*  adapted  for  purposes  c.n  com¬ 
parison.  As  for  the  inlet,  type  .1  is  one  in  which  the  pipe  is  closed  it  the 
end  and  cut  at  the  upper  part.  in  typo  I.,  the  pipe  is  set  downward  and  cue 
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In  type  A,  the  inlet  and  outlet  aligns  in  longitudinal  direction,  and  the 
tested  value  of  c  is  a  little  higher  than  cq  at  Q1Q,  nearly  equal  to  cq  at  Q5 
and  Q2 ,  and  at  Q1  c  is  almost  the  same  as  c  at  Q2 .  In  type  B,  the  inlet 
and  outlet  are  set  parallel  but  so  close  that  effluent  SS  concentration  is 
high  and  near  to  the  value  of  c^.  Type  C  also  has  parallel  layout  but  the 
distance  between  inlet  and  outlet  is  so  long  that  the  effluent  SS  concentra¬ 
tion  is  generally  near  to  cq.  Type  D  has  a  longitudinally  aligned  layout,  bur. 
as  the  sidewall  behaves  as  a  training  dike  because  the  inlet  is  close  to  the 
wall,  effluent  SS  concentration  is  higher  than  that  of  A.  Type  E  has  .uteral 
confrontation  layout  so  SS  runoff  rate  is  the  highest  in  all  test  ce-'S  and  a 
significant  difference  can  be  recognized  between  QI  and  Q2  as  in  cue  case  of 
type  B.  Type  F  is  one  of  the  popular  layouts,  but  test  results  -Mowed  it  to 
be  less  effective  than  type  A.  Type  G  has  a  longitudinal  backward  layout  of 
inlet  and  outlet,  which  is  easy  to  adopt  when  a  floater  inlet  pipe  is  used. 

This  type  is  classified  in  the  least  SS  runoff  rate  group.  Type  H  has  a 
cross-diked  weir  and  is  more  effective  than  type  A,  and  its  runoff  rate  is  a 
little  less  than  cq.  Types  J  and  L  have  modified  inlet  pipes  and  almost  the 
same  results  were  obtained  for  both  types.  The  SS  runoff  rates  were  slightly 
less  than  cq,  and  the  difference  between  rate  of  influent  Ql  and  Q2  was  little. 
Type  K  has  an  inlet  pipe  located  at  the  bottom  of  the  containment  area. 

Though  some  difficulties  may  appear  in  practical  application,  this  is  one  of 
the  most  effective  types  and  the  runoff  rate  of  this  type  is  less  than  c^. 

Summarizing  the  above,  types  G,  J,  K,  and  L  can  be  said  to  have  high  SS 
removal  effect;  types  B,  D,  E,  and  F  have  low  SS  removal  effect;  and  types  A, 

C,  and  H  exist  between  the  above  two  groups.  Generally,  the  type  in  which  the 
velocity  around  the  inlet  is  low  or  the  flow  path  is  wide  has  high  SS  removal 
effect  and  the  type  in  which  the  distance  between  inlet  and  outlet  is  short 
has  low  SS  removal  effect.  As  the  layout  of  inlet  and  outlet  is  often 
restricted  in  the  field,  type  C  and  G  are  the  ideal  cases.  Type  K  is  not 
suitable  for  bottom  material  containing  sand  and  graval.  Type  J  is  simple  in 
structure  and  is  one  of  the  most  applicable  types  in  the  field. 

Comparison  Among  Installation  of  Baffle  Walls 
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The  removal  effect  of  the  settling  basin  which  has  baffle  walls  or  a 
rged  cross  dike  is  compared  in  this  section.  Figures  25  and  26  show 
t  and  structure  of  these  types.  (T)  is  alateral  cross  submerged  dike, 
s  a  baffle  wall  of  steel  sheetpile,  and  (j)  is  a  floating  curtain  with  a 
h  half  the  water  depth.  Figures  27  and  28  show1  the  test  results. 

Type  b  has  one  submerged  cross  dike  (T).  The  SS  runoff  rate  of  this 
was  lower  than  cq  at  high  overflow  rate  of  010  and  Q5,  and  this  type  was 
f  the  most  effective.  But  at  Ql  and  02,  SS  runoff  rate  was  close  to  c 
remarkable  difference  between  type  A  was  not  observed.  Type  c  has  ^ 
e  submerged  cross  dikes  and  a  lictle  better  SS  removal  effect  than 
b.  Type  d  has  five  baffle  walls  of  (^T)  in  a  line.  The  result  of  this 


is  near  to  e(1  in  the  whole  range  of  overflow  rate  and  better  than  type  A 
erf  low  rate  QlO.  Type  e  has  douole  lines  of  baffle  walls  of  the  d  type, 
ect  of  it  was  lower  than  c 


S  removal 


and  better  than  type  d. 


gure  25.  Baffle  walls  layout  types 
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Type  f  has  baffle  walls  like  type  d  but  the  walls’  location  is  close  to  the 
inlet  pipe.  This  type  was  more  effective  than  type  d  and  as  effective  as 
type  e.  Type  g  has  one  row  of  baffle  walls  at  the  front  of  the  effluent  weir 
and  one  row  as  in  type  f.  When  compared  with  type  f,  type  g  does  not  have  a 
significant  difference.  Type  h  has  only  one  baffle  wall  of  (7)  in  front  of 
the  inlet  pipe.  The  SS  runoff  rate  of  h  at  Q10  and  Q5  was  lower  than  Cq, 
and  therefore  more  effective  than  type  A.  Type  h  has  higher  SS  removal 
ability  than  type  d,  which  has  a  row  of  five  baffle  walls  of  (^)>  and  was  as 
effective  as  types  e,  f,  and  g.  Type  i  has  an  added  cross  weir  of  (T^)  added 
to  type  h,  and  it  was  a  little  more  effective  than  type  h.  Type  k.  has 
three  rows  of  curtains  of  (T),  and  SS  runoff  rate  is  lower  than  Cq  at  Q10  and 
Q5  and  more  effective  than  type  A. 

In  this  series,  there  were  many  types  which  were  effective  in  SS  removal. 
The  types  which  have  submerged  cross  dikes  (b  and  c)  are  effective  especially 
when  overflow  rate  is  large.  Among  the  simple  types  in  structure,  type  h,  f, 
and  k  are  effective. 

In  summary,  the  types  where  the  flow  of  influent  was  decreased  or  the 
velocity  of  flow  was  averaged  had  a  better  SS  removal  effect  in  large  over¬ 
flow  rates.  There  were  several  types  which  are  more  effective  than  the 
types  in  the  former  series,  but  among  them  there  was  not  much  significant 
difference  in  removal  effect  in  the  low  range  of  overflow  rate  like  Q1  and 
Q2.  On  the  ocher  hand,  it  was  remarkable  that  the  less  effective  types  of 
B  and  E  in  the  preceding  series  had  a  clear  difference  in  the  removal  effect 
owing  to  the  overflow  rate,  even  for  small  overflow  rates. 


CONCLUSIONS 

Model  tests  were  conducted  on  the  influence  of  the  SS  concentration  in 
the  influent  on  chat  in  the  effluent;  on  the  sedimentation  promotion  effect  of 
inlet /outlet  layout  types;  and  on  the  sedimentation  promotion  effect  of  instal¬ 
lation  of  baffle  walls  in  the  diked  containment  area.  Tests  were  carried  out 
using  fly  ash  and  Kibushi  clay  as  testing  materials.  Test  data  were  obtained 
on  =20  cases  in  the  first  series,  =30  cases  in  the  second  series,  and  =30  cases 
in  the  third  series.  These  data  were  analyzed  mainly  by  comparing  them  with 
an  ideal  settling  basin.  The  following  conclusions  were  obtained. 

Influence  of  Influent  SS  Concentration 


Quiescent  Settling  Characteristics  of  Testing  Materials 

Both  testing  materials  showed  line  settling  in  the  slurry  with  more  than 
10  g/i  solids  concentration.  The  SS  concentration  of  the  clear  water  above 
the  boundary  increased  with  the  increase  of  the  initial  solids  concentration 
in  the  slurry  less  than  10  g/?.,  whereas  it  decreased  with  the  increase  of 
initial  solids  concentration  more  than  10  g /l. 

As  for  the  settling  velocity  distribution,  the  initial  solids  concen- 
tratio  ,  of  less  titan  1  g/i  did  not  affect  the  cumulative  settling  velocity 
distribution.  For  fly  asn,  settling  velocity  became  higher  apparently  in 
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Che  range  of  slurry  concentration  which  represents  line  settling.  For 
Kibushi  clay,  a  similar  tendency  can  be  observed,  but  at  100  g/i.  slurry 
concentration,  line  settling  velocity  became  low. 

SS  Concentration  in  Effluent 

The  SS  runoff  rate  decreased  with  the  increase  of  influent  SS  concentra¬ 
tion  in  both  testing  materials,  and  an  experimental  equation,  which  was  a  func¬ 
tion  of  void  ratio,  was  obtained.  Effluent  SS  concentration  is  given  by  the 
product  of  SS  runoff  rate  and  influent  SS  concentration,  and  becomes  maximum 
at  around  10  g/i  slurry  SS  concentration.  In  the  range  higher  than  10  g/i, 
the  experimental  value  of  effluent  SS  concentration  tends  to  be  higher  than  the 
value  calculated  from  the  experimental  equation,  but  the  value  is  less  than  the 
maximum  value  of  the  experimental  equation. 

Inlet/Outlet  Layouts 

Types  G,  J,  K,  and  L  have  a  high  SS  removal  effect;  types  B,  D,  E,  and  F 
have  a  low  SS  removal  effect;  and  types  A,  C,  and  H  are  between  the  two 
groups.  The  type  in  which  the  velocity  around  the  inlet  pipe  is  low  or  the  flow 
path  is  wide  has  a  high  SS  removal  effect  and  the  type  in  which  the  distance 
between  inlet  and  outlet  is  short  has  a  low  SS  removal  effect.  Though  the  lay¬ 
out  of. inlet  and  outlet  is  often  restricted  in  the  field,  type  J  is  simple  in 
structure  and  is  one  of  the  most  applicable  types  in  the  field. 

Installation  of  t-affle  Walls 

There  are  many  types  which  are  effective  in  SS  removal.  Types  b  and  c, 
which  have  submerged  dikes,  are  effective  when  overflow  rate  is  large.  Types  h, 
f,  and  k  are  simple  in  structure  and  effective.  These  types  are  effective  in 
the  range  of  large  overflow  rate.  It  can  be  said  that  such  types  where  the 
flow  of  influent  is  decreased  around  the  inlet  or  the  velocity  of  the  flow  in 
the  containment  area  is  averaged  have  a  high  SS  removal  effect. 

COMMENTS 

It  was  verified  that,  if  the  distance  between  inlet  and  outlet  is  short, 
particle  removal  effect  is  detrimental,  not  only  in  the  range  of  large  overflow 
rate,  but  also  in  the  range  of  small  overflow  rate.  On  the  other  hand,  the 
difference  of  removal  effect  is  large  among  the  types  that  are  effective  in 
the  range  of  large  overflow  rate;  for  example,  the  cross  dike  is  one  of  the 
most  effective  types.  But  these  types  do  not  have  significant  differences 
from  each  other  and  are  not  as  effective  in  the  small  overflow  rates.  For 
this  reason,  it  is  important  to  consider  the  overflow  rate  in  reclamation 
works,  and  the  decision  should  be  made  considering  cost  performance  and 
reclamation  area  utilization  if  solids  removal  promotion  is  needed. 

From  now  on,  the  relationship  between  settling  characteristics  in  the 
test  column  and  CS  runoff  rate,  and  the  influence  of  the  process  of  reclama¬ 
tion  on  particle  sedimentation,  will  be  investigated  and  the  collection  of 
field  data  and  the  study  of  mathematical  simulation  will  be  conducted. 
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ABSTRACT 

The  results  of  monitoring  studies  conducted  on  a 
capped  mound  of  dredged  material  in  the  New  York 
Bight  are  presented.  Studies  consisted  of:  a 
comparison  of  the  physical  and  chemical  charac¬ 
teristics  of  the  sediment  dredged  from  each 
project,  an  evaluation  of  the  short-  and 
long-term  stability  of  the  cap,  and  an  inves¬ 
tigation  to  quantify  contaminant  release  through 
the  cap  using  biological  monitors.  Study  re¬ 
sults  indicate  that  capping  of  contaminated 
sediments  is  a  feasible  mitigation  measure.  In 
addition,  information  is  presented  on  a  proposed 
study  to  investigate  the  use  of  depressions  in 
the  bottom  of  the  harbor  formed  by  sand  mining 
for  the  disposal  of  dredged  material  with  sub¬ 
sequent  capping. 


INTRODUCTION 

Two  previous  papers  (1,2)  presented  at  the  Sixth  and  Seventh  Joint  U.S./ 
Japan  Experts  Meeting  on  the  Disposal  of  Toxic  Pediments  have  explained  the 
background  of  the  sediment  contain . na t ion  problem  which  was  identified  in  New 
York  Harbor  in  1979,  and  the  subsequent  capping  of  this  dredged  material  in 
the  Atlantic  Ocean.  A  series  of  investigations  were  initiated  to  determine 
the  effectiveness  of  the  capping  operation.  Two  major  concerns  were  addressed 
by  the  investigations:  first,  the  physical  stability  of  the  capped  mound  and, 

second,  the  effectiveness  of  the  cap  to  seal  off  th»  contaminated  material 
from  the  overlying  marine  ecosystem.  It  is  the  purpose  of  the  first  section 
of  this  paper  to  present  information  an  the  res  Its  of  monitoring  experiments 
conducted  at  the  capping  site.  The  second  section  of  this  paper  concerns 


investigation  of  the  use  of  subaqueous  borrow  pits  for  the  disposal  of  dredged 
material . 

CHEMICAL  SIGNATURE 

The  capping  experiment  at  the  Mud  Dump  Site  involved  the  disposal'  of 
sediment  from  ten  dredging  projects  (Table  1)  conducted  throughout  New  York 
Harbor  (Figure  1).  In  order  ,o  evaluate  chemical  and  physical.  differences 
between  each  project's  sediment  and  the  chemical  effectiveness  of  capping  that 
material,  the  Chemical  Signature  Study  was  initiated.  This  study  was  funded 
by  the  New  York  District  (Corps  of  Engineers)  and  conducted  by  the  Institute 
of  Environmental  Medicine  of  the  New  York  University  Medical  Center;  Dr.  Joseph 
M.  O’Connor  was  project  manager. 

To  obtain  representative  samples  of  the  sediment  from  each  project, 
individual  samples  were  taken  from  barges  filled  with  dredged  material  from 
each  project.  In  this  way,  samples  were  obtained  which  represented  both  the 
horizontal  and  vertical  variation  of  the  area  dredged.  Due  to  the  difference 
in  the  volume  of  the  material  removed  from  each  project,  the  number  of  samples 
obtained  for  each  dredged  area  varied  greatly.  For  projects  with  large  numbers 
of  samples,  up  to  IS  were  selected  to  represent  the  entire  project. 

Sediment  cores  were  taken  on  two  occasions  at  the  Mud  Dump  Site  after 
tapping  was  completed  in  November  1980.  On  11  December  1980,  gravity  cores 
were  taken  throughout  the  Mud  Dump  Site.  Coring  conducted  on  22  August  1981 
cons i steel  of  vibracores  taken  in  the  southeast  quadrant  of  the  Mud  Dump  Site 
on  and  adjacent  to  the  capped  mound. 

Represent.it ive  sediment  samples  from  the  barges  and  the  cores  were 
analyzed  for  their  physical  properties,  including:  water  content;  grain  size; 
organic  carbon  ami  rad i onuc  1  i des  ;  metals  including  cadmium,  copper,  lead,  zinc, 
ami  mercury;  chemical  oxygen  demand;  and  organics  including  PCB,  pesticides, 
PAH,  and  aliphatics  (J). 

Interproject  comparison  of  the  barge  samples  revealed  that  the  sediment 
from  Ambrose  Channel  was  unique  in  that  all  other  projects  had  less  sand,  more 
silt  and  clay,  more  water,  and  more  organic  matter.  Intercomparison  of  the 
other  projects  revealed  that,  for  individual  parameters,  groupings  of  projects 
could  be  made  that  had  similar  values.  Only  one  project,  Jackson  Engineering, 
could  be  identified  as  "unique"  due  to  its  extremely  high  levels  of  copper, 
zinc,  and  lead.  Generally,  intraproject  variation,  was  great  enough  to  obscure 
chemical  or  physical  differences  between  projects. 

Chemical  and  physical  analysis  of  the  core  samples  indicated  distinct 
sediment  layers  in  some  cases.  At  the  capping  site,  sand  was  found  in  varying 
thicknesses  in  the  top  layer.  X- rad i ograph i c  data  of  the  cores  taken  in 
August  1981  indicated  that  the  sediments  possessed  a  surface  layer  of  sand 
ranging  from  0 . IU  to  1.58  meters  in  thickness  ( Bokun i ewi cz ,  unpublished  data). 
The  average  thickness  of  the  sand  layer  was  1.08  meters. 

Inclusion  of  the  dredged  material  from  the  Bronx  River  and  Westchester 
Creek  as  part  of  the  cap  complicated  the  discrimination  of  that  material. 


If  no  facility  specified,  project  was  general  approach  channel. 
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The  biggest  problem  encountered  in  evaluating  samples  from  the  material 
capped  was  that  in  addition  to  there  being  a  great  deal  of  intraproject  varia¬ 
tion,  many  of  the  projects  were  disposed  at  the  same  location  concurrently. 

This  reduced  the  possibility  of  detecting  distinct  sediment  layers  for  each 
project.  However,  chemical  analysis  of  a  portion  of  a  core  obtained  in 
December  I960  did  reveal  an  area  which  exhibited  the  chemistry  of  the  material 
dredged  from  Jackson  Engineering. 

^ 'Connor  (3)  concluded  that,  for  dredged  material  contaminated  with  metals 
PCB,  F  \H ,  and/or  other  organic  contaminants,  the  placement  of  a  sand  cap  is  a 
reason  ble  mitigation  measure.  A  permanent  sand  barrier  would  increase  the 
dist;  e  between  the  overlaying  seawater  and  the  contaminated  fine-grained 
sediment  and  reduce  the  potential  for  resuspension  of  this  material. 

SEDIMENT  TRANSPORT 

One  of  the  assumptions  made  prior  to  conducting  the  capping  experiment  at 
the  Mud  Dump  was  that  the  sand  cap  would  remain  in  place.  Previous  research 
has  been  conducted  with  a  mound  of  dredged  material  in  the  northwest  corner  of 
the  Mud  Dump  to  ascertain  the  quantity  of  sediment  movement  from  the  site. 
Freeland  and  Merrill  (4)  and  Freeland  et  al.  (S)  examined  dredged  material 
disposal  volumes  for  the  period  1936  to  1973.  They  determined  that  871  of  the 
volume  disposed  was  accounted  for  at  the  Mud  Dump.  Utilizing  the  same  data, 
Dayal  et  al.  16)  calculated  the  dry  mass  of  material  disposed,  assuming  an 
average  dry  density.  They  determined  that,  on  a  dry  mass  basis,  821  of  the 
dredged  material  could  be  accounted  for.  However,  using  disposal  records  for 
the  period  1973  to  1978  for  which  the  data  are  more  accurate,  the  dry  mass 
of  material  disposed  which  can  be  accounted  for  approaches  981. 

To  verify  this  observation  for  the  capped  mound,  the  Atlantic  Oceano¬ 
graphic  and  Me t e ro 1 og  i  ca 1  Laboratories  of  the  National  Oceanic  and  Atmospheric 
Administration  (AOML/NOAA)  with  funding  support  from  the  New  York  District 
conducted  the  Sediment  Transport  Study.  This  study  was  undertaken  to  determine 
(a)  changes  to  the  cap  as  a  result  of  bottom  currents  and  sediment  transport 
over  the  winter  of  1980-1981;  (b)  the  bottom  current  velocities  necessary  to 
initiate  erosion  of  the  cap;  and  (c)  the  long-term  probability  of  erosion  by 
wi nd- gene ra ted  waves. 


Two  cruises  were  conducted,  November  1980  and  June  1981,  to  collect  field 
data  at  the  Mud  Oump .  Sidescan  scnar  (sonographs)  of  the  bottom  microtopog¬ 
raphy  and  surficial  sediment  samples  were  obtained.  In  addition,  the  New 
York  District  conducted  bathymetric  surveys  of  the  capping  area  upon  completion 
of  capping,  and  six  months  and  one  year  postcapping. 


Analysis  of 


these  data 


by  AOML/NOAA 
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indicated  that 


the  cap  showed 
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only  a  slight  decrease  in  grain  size.  Microtopography  data  indicated  that 
sediment  transport  had  resulted  in  smoothing  out  the  bottom  roughness  which 
will  tend  to  inhibit  further  erosion.  It  is  likely  that  some  of  the  sand  cap 
was  eroded  and  replaced  by  fine-grained  sediment  from  elsewhere  in  the  Mud 
Dump.  This  intermixing  of  grain  sizes  results  in  poorer  sorting  and  a  reduc¬ 
tion  of  mean  size  which  tends  to  extend  cap  life.  The  slight  amount  of  erosion 
indicated  by  comparison  of  bathymetric  surveys  was  less  than  the  margin  of 
survey  error.  Inherent  in  this  comparison  calculation  is  the  determination  of 
accurate  figures  for  quantity  of  dredged  material  in-place  at  the  disposal 
site  upon  completion  of  capping.  Tavolaro  (8),  using  a  dry  mass  balance 
approach,  determined  a  sediment  budget  in  order  to  identify  and  quantify 
"losses"  of  dredged  material  from  the  time  it  is  dredged  to  the  time  it  is  in 
place  at  the  disposal  site.  Tavolaro  concluded,  that  approximately  2.0%  of 
the  dry  mass  measured  in-place  at  the  dredging  site  is  unaccounted  for  in  the 
barges  and  was  assumed  to  have  been  "lost"  during  dredging.  Approximately 
3.7%  of  the  dry  mass  measured  in  the  barges  was  unaccounted  for  at  the  Mud 
Dump  and  was  assumed  to  have  been  "lost"  during  disposal. 

Field  experiments  to  determine  the  threshold  current  velocity  needed  to 
initiate  resuspension  of  the  cap  were  accomplished  utilizing  a  seagoing  flume 
(Seaflume).  The  Seaflume  photographically  recorded  bottom  sediment  response 
to  i  systematic  increase  in  flow  velocity  generated  by  a  self-contained  sub¬ 
mersible  pump  and  motor  assembly.  The  Seaflume  was  deployed  in  12  locations 
on  the  capping  area.  Freeland  et  al.  (73  found  that  threshold  shear  veloci¬ 
ties  at  the  seabed  interface  ranged  between  0.6  to  1.4  cm/sec,  with  erosional 
current  velocities  100  cm  above  the  seabed  from  14  to  31  cm/sec.  To  determine 
the  frequency  of  events  which  would  generate  sufficient  shear  velocity  to 
erode  the  cap,  two  investigations  were  conducted.  During  the  November  1980 
cruise  two  concentration-velocity  (CV)  probes  were  deployed  on  the  capping 
area  to  measure  currents  and  suspended  sediment  concentrations.  The  CV  probes 
remained  on  the  bottom,  recording  data  until  June  1981.  The  CV  probes  con¬ 
sisted  of  microprocessor  controlled  electromagnetic  current  meters  coupled 
with  an  optical  t ransmissometer  for  turbidity  measurements,  mounted  together 
on  a  tripod  (7).  Calculations  of  suspended  matter  concentrations  were  compli¬ 
cated  by  continued  dredged  material  disposal  1.5  kilometers  to  the  north  and 
sewage  sludge  disposal  10  kilometers  to  the  east.  Freeland  et  al.  (7)  found 
that  the  mean  currents  100  cm  above  the  bottom  were  generally  on  the  order  of 
6  to  7  cm/sec,  with  a  net  direction  to  the  south. 

Freeland  et  al.  (7)  used  wave  hindcasting  involving  the  wave  spectral 
model  and  the  wave  parametric  model  to  calculate  the  hydraulic  climate  at  the 
Mud  Dump.  The  first  model  was  based  on  the  integration  of  the  wave  energy 
balance  equation  while  the  second  assumed  an  approximate  invariance  (9)  of  the 
normalized  wave  spectral  shape  with  fetch. 

Freeland  et  al.  (7)  extrapolated  existing  wind  and  wave  data  from  the 
area  around  the  New  York  Bight  Apex  to  the  Mud  Dump.  By  comparing  these  data 
with  that  obtained  from  the  CV  probes,  they  determined  that  the  measure  of 
wave  energy  shows  a  strong  correlation  with  turbidity.  However,  the  wave 
period  does  not  correlate  with  the  wave  energy  or  bottom  current  velocity. 

The  depth  of  the  capping  site  dampens  the  energy  of  surface  waves  and  only 
the  larger  waves  propagate  to  the  bottom.  In  conclusion,  Freeland  et  al.  (7) 
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determined  that  wave  hindcasting  adequately  outlines  the  impact  of  surface 
wa  e  climate  on  bottom  sediments  but  it  also  shows  that  not  all  bottom  wave 
energy  is  generated  locally.  Freeland  et  al.  (7)  suggested  that  under  long¬ 
term  averaged  waves  and  currents,  little  change  in  cap  thickness  would  occur 
after  100  moderately  energetic  transport  events.  Swell  waves  generated  by 
hurricanes  are  capable  of  producing  wave  heights  reaching  13.5  meters  (7). 
However,  storms  of  this  magnitude  are  not  numerous  enough  to  warrant  proba¬ 
bility  analyses. 

BICACCUMULATION  MONITORING 

A  basic  premise  of  the  capping  of  contaminated  dredged  material  is  that, 
to  be  effective,  the  cap  must  seal  off  the  contamination  present  from  the 
surrounding  environment.  To  determine  the  success  of  the  cap  placed  in  the 
Mud  Dump,  it  was  decided  to  utilize  a  biological  monitor  to  quantify  contami¬ 
nant  release.  The  blue  mussel,  My t i lus  edul i s ,  is  recognized  as  a  suitable 
organism  for  monitoring  coastal  pollution  in  the  International  Mussel  Watch 
(10)  and  has  been  previously  used  by  the  New  England  Division  of  the  Corps  of 
Engineers  to  monitor  contaminant  release  from  a  capping  experiment  in  Long 
Island  Sound  (11).  Under  contract  to  the  New  York  District,  investigators 
representing  the  New  Jersey  Marine  Sciences  Consortium  conducted  a  one  year 
biomonitoring  study  of  adult  blue  mussels  transplanted  to  selected  stations 
within  the  New  York  Bight  Apex.  Reference  stations  were  selected  to  quantify 
contaminant  impacts  to  the  capping  area  originating'  from  outside  sources  sucli 
as  the  Hudson  River  and  sewage  sludge  disposal.  Control  stations  were  estab¬ 
lished  outside  known  sources  of  pollution,  first  along  the  southern  coast  of 
Long  Island  and  later  along  the  east  coast  of  New  Jersey.  To  determine  the 
biological  impact  of  disposed  dredged  material,  one  station  was  placed  on  an 
uncapped  mound  of  dredged  material  in  the  Mud  Dump  Site  formed  since  1914. 
Another  station  was  established  on  the  capping  site  upon  completion  of  dis¬ 
posal  of  the  cap. 

The  mussels  were  deployed  in  twelve  mesh  bags  (100  per  bag)  suspended 
1  meter  above  the  bottom  from  platforms  (Figure  2).  Initial  deployment  was 
made  in  August  1980.  Premature  loss  of  mussel  platforms  occurred  at  three  of 
the  six  August  deployment  stations.  The  destroyed  control  station  was  relo¬ 
cated  and  a  new  platform  was  deployed  at  the  same  time  the  station  was  estab¬ 
lished  on  the  capping  site,  January  1981.  One  bag  of  mussels  from  each  plat¬ 
form  was  collected  weekly  for  the  first  month  and  thereafter  bimonthly. 

Mussels  were  checked  for  survival  rate  and  bioaccumulation  of  mercury,  cad¬ 
mium,  lead,  PCB,  DDT,  and  petroleum  hydrocarbons  (as  represented  by  No.  2  fuel 
oil)  (12).  Mortality  data  for  the  experiment  were  invalidated  due  to  an 
unexplained  survival  of  only  54%  of  the  mussels  after  one  week  at  the  control 
site.  A  bag  retrieved  later  at  trie  same  control  site  did,  however,  have  a 
survival  rate  of  90%. 

Prior  to  the  deployment  of  the  platforms,  tissue  analyses  were  conducted 
on  a  representative  subsample  of  the  mussel  stock  to  ensure  that  the  mussels 
were  not  contaminated.  A  slight  elevation  of  lead  (0.83  ppm)  was  the  only 
contamination  noted. 
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Bioaccumulation  of  metals  was  very  erratic  for  the  first  5  to  7  weeks. 

By  the  tenth  week,  differences  between  stations  could  be  noted  and  generally 
the  plateau  level  had  been  reached.  Regression  analysis  of  the  data  indicated 
that,  in  all  case  -  ,  the  highest  value  was  found  at  the  uncapped  mound  of  sedi¬ 
ment  existing  in  the  northwest  corner  of  the  Mud  Dump  (Mean  values  in  ppm; 

Hg  0.242,  Cd  0.081,  and  Pb  1.13).  The  next  highest  mean  values  were  found 
at  reference  stations  1  to  2  kilometers  from  the  Mud  Dump.  Mean  bioaccumula¬ 
tion  values  for  metals  at  the  capping  site  were  quite  low  for  mercury  and 
cadmium  (0.030  and  0.041,  respectively)  while  lead  was  not  statistically  dif¬ 
ferent  than  the  uncapped  mound  value  at  1.04  ppm. 

PCB  bioaccumulation  showed  wide  fluctuations  throughout  the  study.  No 
conclusions  could  be  drawn  from  the  results  as  to  the  source  of  PCB  or  the 
reason  for  the  fluctuations  in  values.  PCB  bioaccumulation  in  this  study 
could  not  be  correlated  with  mussel  lipids,  in  deference  to  the  propensity  of 
data  indicating  a  positive  correlation. 

Bioaccumulation  values  for  DDT  were  generally  below  detection  for  mussels 
from  all  stations.  This  finding  corresponds  to  the  lack  of  statistically 
significant  bioaccumulation  of  DDT  for  any  sediment  proposed  for  ocean  dis¬ 
posal  within  the  New  York  Harbor  Area. 

Results  of  No.  2  fuel  bioaccumulation  over  time  indicate!  that  after  a 
minimal  accumulation  in  the  first  four  weeks  of  exposure,  no  further  change 
was  detected  until  there  was  a  dramatic  increase  in  late  spring.  The  pattern 
of  mean  values  of  No.  2  fuel  oil  concentration  was  generally  the  inverse  of 
the  pattern  shown  for  metals  concentration.  Mean  fuel  oil  concentration  at 
the  capping  site  (0.667  ppm)  was  greater  than  *'hat  for  the  uncapped  mound 
(0.20  ppm)  and  all  other  reference  stations. 

Koepp  et  al.  (12)  concluded  from  this  study  that:  (a)  mussel  survival 
and  lipid  content  did  not  statistically  correlate  with  bioaccumulation  of  any 
contaminant  for  any  given  station;  and  (b)  the  absence  of  ancillary  contaminant 
data  for  sediment,  water,  and  mussel  food  restricted  the  extent  to  which  the 
observed  contaminant  accumulations  can  be  more  specifically  related  to  dredged 
material  disposal. 

SUBAQUEOUS  BORROW  PITS 

Subaqueous  borrow  pits  are  irregularly  shaped  depressions  on  the  sea 
floor  caused  by  sand  and  gravel  mining,  typically  for  construction  material 
and  beach  replenishment.  In  an  area  within  160  kilometers  of  New  York  City, 
the  demand  for  this  material  has  been  predicted  to  be  about  10  million  cubic 
meters  per  year  (13).  Most  sand  mining  in  the  New  York  Harbor  area  is  con¬ 
fined  to  the  Lower  Bay  which  is  composed  primarily  of  sand  and  gravel  (14). 

The  volume  of  existing  borrow  pits  in  the  Lower  Bay  is  about  23  million 
cubic  meters  (15).  The  idea  of  using  borrow  pits  as  containment  sites  for 
dredged  material  is  not  new.  It  was  suggested  as  early  as  1973  by  Carpenter 
(16).  Technology  is  available  to  carry  out  a  disposal  operation  over  a 
borrow  pit.  Volume  I  of  the  Mitre  Report  (17)  identified  the  use  of  subaqueous 
borrow  pits  as  feasible  for  large  volumes  of  dredged  material  and  a  possible 
option  for  disposal  of  contaminated  dredged  material. 
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The  filling  of  borrow  pits  is  an  environmentally  beneficial  dredged 
material  disposal  option  since  borrow  pits  are  known  to  be  subject  to  a  high 
rate  of  fine-grained  organic  sediment  deposition,  with  attendant  adverse 
environmental  impacts  (18,  19,  20).  When  disposal  of  fine-grained  dredged 
material  is  combined  with  the  placement  of  a  layer  of  sand  as  a  cap,  the  area 
can  be  restored  to  its  original  condition  and  productivity  of  the  area  should 
increase.  The  filling  of  borrow  pits  with  fine-grained  dredged  material  does 
have  the  unavoidable  consequence  of  removing  that  immediate  area  from  any 
future  sand  mining  operation. 

In  order  to  evaluate  subaqueous  borrow  pits  as  a  dredged  material  disposal 
option,  the  New  York  District  initiated  a  contract  with  the  Marine  Science 
Research  Center  at  the  State  University  of  New  York  at  Stcny  Brook  (MSRC). 

MSRC  had  previously  spent  several  years  investigating  the  environmental  effects 
of  sand  mining  and  filling  of  the  borrow  pits  within  the  Lower  Bay.  Model 
studies  were  conducted  and  the  results  evaluated.  It  was  determined  that  a 
demonstration  project  was  required  to  obtain  further  information  on  the 
feasibility  of  combining  the  two  operations. 

Site  selection  consisted  of  an  evaluation  of  the  following  factors: 

1.  Site  must  be  accessible  to  barges  for  the  disposal  operation. 

2.  Site  must  be  such  that  the  pit  is  deep  and  large  enough  to  con¬ 

tain  the  spread  of  the  dredged  material  when  it  encounters  the  bottom. 

3.  Site  must  be  outside  areas  susceptible  to  high  wave  and  current 

energies . 

4.  Site  must  not  be  an  area  of  high  biological  productivity. 

5.  Site  must  not  be  an  area  of  current  sand  mining  operation. 

,  Evaluation  of  the  above  criteria  revealed  that  no  currently  existing 
bbrrow  pit  was  totally  acceptable.  Investigation  was  made  of  the  idea  of 
creating  a  borrow  pit  of  ideal  dimensions  in  an  ideal  location.  This  idea 
was  dismissed  because  of  the  high  cost  and  the  disruption  of  an  undisturbed 
area.  It  was  determined  that  the  best  option  available  was  to  modify  an 
existing  borrow  pit. 

A  borrow  pit  located  in  the  center  of  the  Lower  Bay  was  chosen  as  the 
site  for  the  Demonstration  Project  (Figure  3).  The  purpose  of  the  Demonstra¬ 
tion  Project  was  to  assess  the  physical  stability  and  technical  feasibility 
of  capping  dredged  material  within  a  subaqueous  borrow  pit.  This  borrow  pit 
was  originally  dredged  in  the  early  1970's  to  a  depth  of  28  meters  below  mean 
low  water.  Since  that  time,  approximately  3.8  million  cubic  meters  of  dredged 
material  has  been  disposed  there,  in  an  effort  to  alleviate  the  anoxic  condi¬ 
tion  present  in  the  bottom  of  the  pit.  Schwartz  and  Brinkhuis  (21)  have 
documented  that  a  high  rate  of  natural  sediment  deposition,  low  dissolved 
oxygen,  and  impoverished  benthic  fauna  exist  at  this  borrow  pit.  The  sedimen¬ 
tation  rate  in  the  pit  (on  the  order  of  10  centimeters/year)  was  reported  to 
be  100  times  that  of  natural  sedimentation  rates  in  other  estuaries,  while  no 


sediment  was  found  to  be  accumulating  on  the  shallower  sandy  bottom  surrounding 
the  pit.  Due  to  the  organic  fraction  of  the  sediment  which  exerts  a  high  bio¬ 
logical  oxygen  demand  and  has  certain  contaminants  chemically  bound  to  it,  the 
borrow  pit  supports  a  benthic  community  of  about  137  organisms  per  square  meter 
while  the  surrounding  area  supports  about  1100  organisms  per  square  meter  (15). 

Because  the  remaining  capacity  of  the  borrow  pit,  3.8  million  cubic  meters, 
was  determined  to  be  too  large,  it  was  decided  to  conduct  the  project  in  Lhree 
phases.  As  proposed,  phase  I  (Figure  4)  of  the  Demonstration  Project  would  in¬ 
volve  the  disposal  of  approximately  153,000  cubic  meters  oi  sand.  The  disposal 
of  this  material  would  accomplish  two  objectives.  First,  it  would  be  used  to 
determine  the  energy  of  the  surge  of  the  dredged  material  once  it  hits  the  pit 
bottom.  Second,  the  material  would  be  disposed  so  that  it  would  form  a  three- 
meter-high  berm  across  the  southern  portion  of  the  borrow  pit  to  create  an 
isolated  pocket  consisting  of  10  to  15  percent  of  the  volume  of  the  entire 
pit. 

Phase'  II  of  the  project  would  consist  of  the  disposal  of  approximately 
300,000  cubic  meters  of  fine-grained  sediment.  This  material  would  be  non¬ 
toxic  and  uncontaminated  sediment  as  demonstrated  by  bioassay  and  bioaccumu¬ 
lation  testing.  The  phase  II  sediment  would  be  placed  behind  the  berm. 

Phase  IJI'wculd  involve  the  disposal  of  230,000  cubic  meters  to  cap  the 
phase  II  material.  This  dredged  sediment  would  be  non-toxic  and  have  no 
unacceptable  bioaccumulation  potential,  and  at  least  the  top  0.3  meters  would 
consist  of  clean  sand  the  same  grain  size  as  the  surrounding  bottom.  Upon 
completion  of  phase  III,  a  monitoring  program  would  be  initiated  to  determine 
physical  and  chemical  changes  to  the  borrow  pit  and  surrounding  area. 

During  the  month  of  December  1981,  167,000  cubic  meters  of  sand  was 
dredged  from  the  Federal  Navigation  Project  at  Ambrose  Channel  for  construction 
of  the  berm.  Disposal  was  accomplished  utilizing  the  Corps  of  Engineers  hopper 
dredge  Goetha Is .  This  created  an  isolated  area  with  the  dimensions  200  meters 
wide  by  200  meters  long  with  .  maximum  depth  of  14  meters  below  mean  low  water. 

Prior  to  the  initiation  of  phase  II,  the  Water  Quality  Certification 
issued  by  the  New  York  State  Department  of  Environmental  Conservation  authoriz¬ 
ing  the  project  was  challenged  in  state  court  by  a  private  environmental 
organization.  It  was  the  allegation  of  the  environmental  organization  that 
the  borrow  pit  proposed  for  the  Demonstration  Project  was  an  area  of  high 
biological  productivity  and,  as  such,  an  Environmental  Impact  Statement  should 
have  been  prepared.  At  this  time,  the  lawsuit  has  not  been  resolved.  In  the 
interim,  the  New  York  District  Corps  of  Engineers  has  been  funding  two  studies 
to  further  evaluate  the  biological  productivity  of  the  borrow  pit  and  determine 
its  relative  importance  compared  to  the  rest  of  the  harbor.  Analysis  of  the 
results  of  these  two  studies  is  anticipated  to  be  completed  by  the  end  of 
1982. 

CONCLUSIONS 

In  1980,  the  New  York  District  conducted  a  capping  experiment  to  resolve 
an  urgent  need  by  several  permit  applicants  to  dredge  sediment  which  exhibited 
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Figure  4.  Proposed  borrow  pit  Demonstration  Project 


a  statistically  significant  Jioaccumulation  of  PCB.  The  capping  exercise  was 
based  upon  two  premises:  (1)  that  the  capped  mound  would  be  physically  stable, 
and  (2)  that  the  cap  would  seal  off  the  contaminated  material  from  the  marii  e 
environment.  Results  of  studies  presented  in  this  paper  indicate  that  these 
premises  have  been  fulfilled. 

Currently  the  New  York  District  is  utilizing  capping  to  allow  some  con¬ 
taminated  dredged  materia],  for  which  no  other  disposal  option  exists,  to  be 
capped  in  the  ocean.  In  addition,  as  part  of  a  dredged  material  disposal 
management  program,  all  ocean  disposed  dredged  material  is  dumped  at  a  taut- 
moored  buoy  in  the  Mud  Dump  Site.  In  this  way,  sediment  in  need  of  capping 
receives  a  covering  of  additional  uncontaminated  dredged  material  to  further 
isolate  the  contaminated  material. 

The  ultimate  solution  to  the  problem  of  dredged  material  disposal  is  to 
have  a  sound  management  strategy  which  can  clearly  predict  the  most  environ¬ 
mentally  sound  and  economically  feasible  disposal  option.  A  successful  inves¬ 
tigation  of  the  subaqueous  borrow  pits  would  increase  the  options  available  for 
contaminated  dredged  material  containment.  With  a  "ariety  of  disposal  options 
available,  dredging  projects  can  be  planned  and  carried  out  in  a  timely  fashion 
thereby  maintaining  economic  integrity  of  the  Port  of  New  York  and  New  Jersey 
while  at  the  same  time  p-otecting  environmental  resources. 
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INTRODUCTION 


Lake  Kasumigaura  is  the  second  largest  lake  in  Japan  and  is  eutrophlc. 
The  sediment  has  adverse  effects  upon  water  quality  and  has  a  thickness  of 
about  40  -  50  cm. 

In  order  to  remove  sediment  as  a  link  in  the  chain  of  restoration, 
dredging  is  now  partly  under  way.  However,  problems  remain  as  to  how  the 
secondary  impacts  by  dredging  can  be  abated  and  how  to  manage  the  dredged 
material.  An  outline  of  past  and  future  studies  of  these  problems  is  pre¬ 
sented  herein. 

BACKGROUND 

Lake  Kasumigaura  (Figure  1)  is  situated  in  the  southeast  of  Ibaragi 
Prefecture,  which  is  located  nearly  in  the  center  of  the  east  coast  of  the 
Nippon  Islands.  It  connects  to  the  lower  part  of  the  Tone  River  through 
Hitachi  Tone  River  and  has  the  second  largest  area  in  our  country  with 
56  inflowing  rivers. 


Basin  data  are  presented  below: 
Basin  area 


2169  km 


Towns  and  villages 


47  (23  environs  of  the  lake) 


Average  annual  rainfall  depth 
Average  annual  rainfall  quantities 
Average  annual  runoff  discharge 


1 350  mm 

9  3 

2.82  *  10 m 
9  3 

1.39  *  10  m 


Average  annual  runoff  rate* 


Popu la  t  Ion 


720,000 


As  the  above  data  show,  the  basin  area  of  Kasumigaura  is  2169  km 
and  occupies  about  352  of  the  total  area  of  Ibaragi  Prefecture. 
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The  average  annual  rainf a^l^depth  is  about  1350  mm  and  the  total  quantity 
of  inflowing  water  is  1.4  *  10  m  and  lake  water  volume  is  replaced 

1.7  times/year. 

Most  parts  of  basin  have  a  stretch  of  hills  with  a  height  of  20  -  30  m, 
or  flat  land  (like  rice  fields)  around  the  lake,  except  tor  several  mountains 
like  Tukuba  (876  m)  and  Kanami  (709  m) . 


There  are  56  inflowing  rivers  such  as  Onogawa,  Sakuragawa,  Koisegawa, 
Sonobegawa,  and  Tomoegawa  and  only  one  outflowing  river,  Hitachi  Tone. 

Hitachi  Tone  River  has  a  small  bed  inclination  and  complicated  hydrologic 
conditions  because  of  the  brackishness  of  the  water  and  the  influence  of  the 
water  level  in  the  Tone  River. 

The  basin  has  47  towns  and  villages  extending  over  the  two  Prefectures  of 
Ibaragi  and  Chiba  and  a  population  of  720,000.  Industries  in  the  basin  are 
mainly  primary  industries.  Among  them,  two  are  prominent:  hog  raising  and 
carp  farming. 


The  morphometry  of  the  lake  is  as  follows: 


Water  level 

Y.P 

.*  + 

Lake  area 

220 

km2 

Coastal  line 

252 

km 

Max  depth 

7 

m 

Mean  depth 

4 

m 

To  meet  an  increasing  water  demand  in  the  capital  city  and  its  environs, 
an  integrated  Kasumigaura  development  project  (Figure  2)  is  now  moving 
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forward  in  terms  of  water  imgr^vement  and  utilization.  It  aims  to  develop 
water  quantities  if  280  x  10  m  ,  which  correspond  to  the  volume  between 

Y.P.  +  1.3  m  and  Y.P.  ♦  0  is  by  the  project  completion  year  of  1985. 

Furthermore,  big  projects  developing  the  Kashina  seaside  industrial  area 
and  the  Tsukuba  research  and  education  zone  are  promoted  along  with  this  water 
resources  development. 

The  lake  water  is  now  maintained  as  fresh  water  by  use  of  a  backward  flow 
protecting  floodgate,  which  was  built  in  1963  for  river  improvement  at  the 
lower  part  of  the  Hitachi  Tone  River.  in  this  wav,  Kasumigaura  has  become  a 
large  artificial  water  reservoir.  Therefore,  close  attention  must  be  paid  to 
protect  its  water  quality. 

OUTLINE  OF  WATER  AND  SEDIMENT  QUALITIES 

The  water  quality  in  Kasumigaura  has  deteriorated  in  such  a  way  that 
chemical  oxygen  demand  (COD)  concent rat  ions ,  which  were  about  4  ppm  in  1955, 
have  increased  to  7  -  8  ppm  in  the  latter  half  of  1965  and  to  10  ppm  after 
1978. 


The  environmental  standard  for  COD  for  Kasumigaura  was  designated  in  1972 
as  3  ppm  considering  the  water  purposes.  Rut  as  Figure  3  shows,  water  quality 
has  become  remarkably  worse  since  1970  and,  at  the  present  state,  greatly 
exceeds  the  guideline. 


Figure  3.  Change  in  Ci'D  concentrations 

As  countermeasures  for  this  wate;  deterioration,  the  regulation  of 
el  tluents  was  strengthened  and  sewage  svs-  "its  were  consol  iriated .  However, 
even  with  these  measures,  the  present  -tale  of  water  quality  still  tends  to 
become  worse. 

In  summer  a  eutrophication  phenoir.,  r.  -  occurs  in  that  phytoplanktons  :  ■  ■' 
by  nitrogen  and  phosphate  breed  in  v.r  •>,  t  em;>eratw”*>s .  As  th>-  ••  .to"  !<>  •• 


velocity  is  low  in  stagnated  water  areas  such  as  lakes,  most  suspended  solids 
settle  to  the  lake  bottom  and  result  in  pollution  of  the  sediment. 

Polluted  sediment  adversely  impacts  upon  water  quality  through  the  nutri¬ 
ent  materials  that  are  released  from  sediment  and  eluded  from  the  resuspended 
solids.  This  is  an  internal  lake  pollution  load. 

In  eutrophic  lakes  like  Kasumigaura,  phytoplankton  are  produced  by  nutri¬ 
ent  inputs.  Dead  matter  settles  to  the  lake  bottom  where  it  decomposes,  and 
nutrients  are  released  from  sediment,  spread  up  the  water  body,  and  help 
regenerate  plankton. 

Since  release  phenomena  are  vigorous  in  high  water  temperatures,  the  lake 
experiences  blue-green  algae  blooms  in  summer.  In  this  way,  sediment  in 
Kasumigaura  is  degraded  similar  to  water.  It  spreads  in  the  whole  lake  accum¬ 
ulating  from  several  centimeters  to  scores  of  centimeters  in  thickness. 

WATER  QUALITY  IMPROVEMENT  PROJECT  IN  KASUMIGAURA 

Domestic  drainage,  factory  effluents,  and  rural  drainage  are  considered 
as  pollution  sources.  The  internal  load  by  released  material  from  sediment  is 
also  presumed  to  be  a  cause  of  pollution. 

To  meet  these  problems,  dredging  commenced  in  1975  as  a  restoration  mea¬ 
sure  (supervised  by  direct  national  administration  for  implementing  river 
environmental  improvements). 

The  quantities  of  sediment  to^be  removed  in  Kasumigaura  reservoir  area 
project  have  been  set  at  300,000  m  by  1981.  Dredging  is  now  continuing  at 
heavily  polluted  offshore  estuarine  areas  such  as  Sakuragawa  (Tsuchiura  City) 
and  Koisegawa.  Table  1  shows  the  dredging  results. 

Table  1 

Dredged  Volume 


Year 

3 

Dredged  Volume,  m 

3 

Accumulated  Volume,  m 

1975 

4,000 

4,000 

1976 

18,000 

22,000 

1977 

13,000 

35,000 

1978 

34,000 

69,000 

1979 

40,000 

109,000 

1980 

85,000 

194,000 

1981 

106,000 

300,000 

In  Kasumigaura  the  dredge  KASUMI  (with  negative  pressure  suction)  was 
developed  to  prevent  secondary  impacts  from  turbidity.  An  improved  dredge 
KORYU  was  put  into  operation  in  1978.  Most  of  the  dredged  material  is 
dewatered  at  management  ponds  by  normal  densif ication  methods  or  by  progres¬ 
sive  trenching  and  then  used  for  banking  embankments  in  city  public  spaces. 

In  addition  to  the  dredges,  a  special  boat  for  gathering  phytoplankton 
was  developed  and  operates  during  the  summer. 
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The  local  government  (Ibc-ragi  Pref.)  issued  "the  regulations  to  prevent 
eutrophication  in  Kasumigaura"  and  enacted  the  following  countermeasures 
beginning  in  September  1982: 

(1)  Consolidation  of  sewage  systems  for  domestic  drainage  and  prohibition 
of  the  sale  of  cleaning  agents  containing  phosphorus. 

(2)  Strict  observation  of  effluent  regulation  standards  and  strengthened 
regulation  of  effluents. 

(3)  Guidance  for  correct  fertilization  to  control  rural  drainage. 

(4)  Consolidation  of  domestic  animal  excreta  control  facilities  for  stock 
effluents. 

(5)  Rationalization  of  carp  farming  method  and  change  in  fish  species. 

(6)  Dredging  of  inflowing  rivers  and  control  of  aquatic  plants. 

VACUUM  SUCTION  AND  PNEUMATIC  DISCHARGE  DREDGING  SYSTEM 

A  dredge  with  a  vacuum  suction  and  pneumatic  discharge  system  was  built 
in  1978.  It  has  the  following  features: 

(1)  Minimal  turbidity  can  be  expected. 

(2)  A  swing  method  is  maintained  for  dredging  to  increase  operational 
efficiency. 

2 

(3)  A  liquid  pressure  pump  (max  pressure  40  kg/cm  )  is  maintained  for 
discharging  dredged  material. 

(4)  It  is  equipped  with  devices  for  inspecting  the  excavation  and 
measuring  the  sediment  volume. 

The  main  data  of  the  dredge  are  as  follows: 

7  m 

2000  ra 

Over  100  m3/hr  (water  content 
of  2000%) 

150  mm 
2  x  0.85  m3 
720  m3/hr,  -500  mm  Hg 
1  x  1200  m3/hr ,  7  kg/cm2 


Max  dredging  depth 
Conveying  distance 
Dredging  capacity 

Diameter  of  delivery  pipe 
Capacity  of  suction  pump 
Vacuum  pump 

Screw  type  air  compressor 
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The  Digger  and  Its  Performance 


.  As  Figure  6  shows,  the  digger  has  an  open  suction  mouth,  which  is  shaped 
so  as  to  be  able  to  suck  'sediment  continuously  by  using  a  swing  system. 


/"T 


-U-60  ■ 

L-  45fl  -4 


Suction  Mouth 


Figure  6.  Shape  of  digger 

It  is  known  that  the  shape  of  the  suction  mouth  has  a  large  effect  upon 
dredging  performance  regarding  sediment  disturbances  from  dredge  impact. 

When  removing  upper  sediment  layers,  it  is  necessary  to  minimize  the 
intake  of  water  in  the  sediment  surface  for  efficient  removal.  This  requires 
noc  only  a  good  shape  of  the  suction  mouth,  but  also  consideration  of  various 
sediment  properties  and  dredging  conditions  such  as  dredging  depth  and  swing 
speed.  Tests  on  two  kinds  of  suction  mouth  shapes  were  performed  concerning 
this  problem. 

The  relationship  between  digging  height  and  water  content  is  shown  in 
Figure  7,  using  zero  height  for  the  contact  face  of  the  digger  bottom  and 
sediment. 

coJt  30-  *  *  / 

,  o*  / 


o  70 

h  SOOj  * 

w  70CH  1  j 

2  m  .5 

5  90CH  1 

1.000  =2 


O  Measured 
•  Calculated 


Digging  Height  (m) 


Figure  7.  Relationship  between  digging  heights  and  water  content 
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At  that  time  swing  speed  was  left  to  the  judgment  of  the  operator  to 
maintain  smooth  dredging.  These  tests  emphasized  sediment  content  over 
removal  efficiency  and  the  finishing  accuracy  of  the  dredged  surfaces. 

From  these  data  it  can  be  said  that: 

(1)  The  sediment  content  of  the  surface  of  the  dredged  material  is  about 
14%.  This  value  slightly  exceeds  10  -  13%  normal  in  hydraulic  dredging. 

(2)  The  deeper  the  digging  depth,  the  higher  the  sediment  content.  For  a 
digging  depth  of  0.5  m,  sediment  content  amounts  to  about  24%. 

(3)  The  finished  surface  after  dredging  is  rugged  and  uneven. 

(4)  A  digger  with  a  suction  shape  is  not  suitable  for  superficial  sedi¬ 
ment  removal. 

In  the  next  stage  an  improved  digger  form  was  developed  as  shown  in 
Figure  8. 


Figure  8.  Improved  digger 

The  test  results  demonstrate  a  good  applicability  for  thin  layer 
dredging,  having  the  following  points:  . 

(1)  Sediment  content  increases  according  to  swing  speed,  but  converges  at 
some  final  value.  This  may  result  from  the  fact  that  some  sediment  moves  away 
from  the  side  of  the  digger  (Figure  9). 

(2)  Pemoval  efficiency  decreases  according  to  swing  speed.  For  higher 
removal  efficiencies,  a  lower  swing  speed  is  desirable.  However,  doing  so 
increases  water  content  and  lowers  removal  efficiency  (Figure  10). 

(3)  For  an  open  edge  type  digger,  some  water  enfolding  is  unavoidable  in 
a  swing  system. 

(4)  Digger  forms  have  their  own  performances  with  variances  according  to 
sediment  properties  such  as  viscosity,  specific  gravity,  and  soil  strength. 

Dredging  Operations 

During  dredging,  the  dredge  advances  with  one  cut  of  1.1  m,  striking  the 
main  and  auxiliary  spuds  so  that  no  upper  sediment  layers  remain  (Figure  11). 
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Figure  9.  Relationships  between  swing  speed  and  sediment  content 
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Figure  10.  Relationship  becween  swing  speed  and  removal  efficiency 
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Figure  11.  Dredging  operation 

Two  swing  speeds  are  possible,  one  for  digging  and  one  for  cleaning,  to 
avoid  excess  water.  As  shown  in  Figure  12,  t  -e  results  monitored  by  sound 
waves  Indicate  a  relatively  smooth  surface  with  this  method. 


(80  n.) 

Figure  12.  Sediment  surface  monitored  Hy,  sound  wave 


Relation  Between  Sediment  Volume  and  Discharged  Water  Quantities 


According  to  our  dredging  experiaent  the  relationship  between  sediaent  voluae 
and  discharged  water  quantity  is  described  by  the  following  foraula: 


Q  -  CL  C2  Sh  (I  ♦  a) 

where 

Q  ■  discharged  water  quantities ,  a^ 

m  surplus  water  efficiency  {sucked  water  eff.),  1.8  -  2.1 

■  removal  efficiency,  0.8  -  0.9 

actual  dredged  quantities 
planned  quantities 

2 

S  *  dredged  area,  ■ 

h  -  dredged  height,  ■ 

a  ■  excess  sediaent 

MANAGEMENT  OP  DREDGINC  WORK 

Present  State  of  Sediaent  Pollution 
and  Its  Removal  as  a  Restoration  Measure 

Dredging  Is  thought  to  reduce  the  release  of  loads  through  sediaent 
removal,  which  aey  contribute  to  improved  water  quality. 

As  Figure  13  shows,  sediaent  in  Kasumigaur*  is  polluced  to  a  large  extent 
In  Its  tipper  layers  with  little  pollution  occurring  In  lower  ones.  An 
exponential  relationship  seems  to  exist  between  nutrient  concentrations  and 
release  rates.  Therefore,  if  sediment  removal  from  H  to  H.  is  conducted,  the 
pollutants  In  the  sediment  decrease  froa  Cq  to  Cj,  ana  release  rates  decrease 
from  Lg  to  L^. 

Figure  14  shows  the  vertical  distribution  of  total  phosphorus  (T-P)  In 
sediment  against  sediment  depth,  Froa  this  we  can  say  that,  for  an  effective 
improvement  of  water  quality.  It  Is  desirable  to  dredge  the  widest  possible 
area  even  If  only  a  small  thickness  Is  removed. 

Purpose  and  Subject  cf  Dredging 

Dredging  currently  under  way  la  aimed  at  improving  water  quality.  It 
differs  from  maintenance  dredging  for  water  depth,  or  protecting  blockades  in 
estuaries. 
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a.  Vertical  distribution  b.  Release  rates  gain  nutrient 
of  nutrient  concentra-  concentration 

tion 

Figure  13.  Vertical  distribution  of  nutrient  concentrations 
ar.d  released  races  againct  them 


Concentration  of  T-P 
(ag/g,  dry  sediment) 


Figure  14.  Vertical  distribution  of  T-P  in  sediment 
Water  quality  dredging  differs  in  the  following  ways: 

(1)  A  small  thickness  of  sediment  may  have  to  be  dredged  according  to 
sediment  conditions.  Water  depth  is  also  small. 

(2)  It  is  difficult  to  estimate  the  sediment  volume  dredged  because 
sediment  volumes  are  largely  a  function  of  working  conditions. 

Resulrs  of  Dredging 


The  dredged  quantities  of  sediment 

1975 

1976 

1977 


to  uite  are 

4,000  a3 
18,000  a3 
13,000  m3 


as  follows: 
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Figure  15.  Cenersl  view  of  the  dredge  KORY!’ 
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Problems  on  Work  Confirmation 


Problems  with  work  are  as  follows: 

(1)  Due  to  the  shallow  water  depth,  the  guidelines  on  "sediment  quanti¬ 
ties"  defined  by  "civil  work  common  specifications"  cannot  be  applied. 

(2)  As  the  water  content  of  sediment  is  high  and  the  sediment  volume  by 
working  conditions  varies  greatly,  it  is  difficult  to  estimate  the  sediment 
volume  dredged. 
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(3)  Sediment  removal  in  the  upper  layers  must  be  controlled. 

(4)  The  guidelines  for  work  confirmation  are  not  always  clearly  defined. 

(5)  Sediment  content  changes  largely  according  to  dredging  operations. 

There  are  four  ways  to  check  sediment  volume.  Measure  the  discharged 
quantities  of  the  delivery  pump,  estimate  planned  values,  measure  the  manage¬ 
ment  ponds,  and  measure  transported  quantities.  These  four  methods  give  very 
different  results.  To  solve  these  problems,  the  investigations  discussed  in 
the  following  section  were  conducted. 

Checking  Dredged  Sediment  Volume 

Dredged  sediment  volume  changes  greatly  according  to  water  content  (Fig¬ 
ure  16).  In  checking  this  volume,  the  following  conditions  should  be 
considered: 

(1)  Sediment  is  at  the  lake  bottom  in  a  state  consolidated  by  natural 
accumulation. 

(2)  In  hydraulic  dredging,  water  content  becomes  high  and  discharged 
liquid  quantities  large  because  water  is  sucked  along  with  sediment. 

(3)  The  water  content  and  sediment  volume  in  dredged  material  settled  in 
the  management  pond  vary  with  rainfall  and  evaporation. 

Three  calculations  of  sediment  volume  are  conventionally  conducted: 


Dredging 


Figure  16.  Solid  and  liquid  content  of  sediment 


lOOCs 


100  +  CsW 


08 


M 


2 


lOOCs 

2  X  100  ♦  GsW2 


where 


M 


3 


lOOCs 

X  100  ♦  GsW3 


sediment  volume  at  the  bottom,  m 

discharged  water  volume,  m^ 

sediment  volume  in  management  pond,  m^ 

dry  weight  of  sediment  at  th.2  bottom,  tons 

dry  weight  of  discharged  water  quantities,  tons 

dry  weight  of  sediment  settled  in  the  pond,  tons 

water  content  at  the  bottom,  Z 

water  content  of  dredged  liquid,  Z 

water  content  in  management  pond,  Z 

specific  weight  of  sediment  solid,  tons/m^ 
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The  advantages  and  disadvantages  of  these  calculations  are  indicated  in 
Table  1. 


Table  1 

Merits  and  Demerits  of  Sediment  Volume  Checking 


Merits 


Demerits 


(1)  Sediment  volume  is  removed 
from  the  lake  bottom 

(2)  Dredging  is  conducted 
generally  on  the  basis  of 
sediment  volume  at  the 
bottom 


(1)  Survey  errors  are  large 

(2)  Sediment  volume  cannot  be 
estimated  before  work 
completion 

(3)  It  cannot  be  checked  for 
progress 

(4)  In  future  dredging  of  sedi¬ 
ment  with  high  water  contents 
sediment  in  the  already 
dredged  area  may  collapse 


(1)  It  can  be  taken  for  sedi¬ 
ment  volume,  which  has 
passed  through  the  delivery 
pump 

(2)  It  is  easy  to  control  by 
digital  displays 

(3)  Control  results  can  be 
directly  reflected  in  the 
progress 

(4)  Nec  working  hours  are  con¬ 
trolled  by  charts 


(5)  Sediment  contents  are  con¬ 
trollable  by  charts 


(1)  Adjustment  with  a  flowmeter 
is  necessary 

(2)  Adjustment  by  measuring 
the  sediment  content  is 
necessary 

(3)  Troubles  with  flowmeters 
may  occur 


(1)  It  is  easy  to  measure  (1)  Sediment  volume  changes 

every  day  by  rainfall 

(2)  Management  ponds  can  be 
utilized  for  other 
purposes 


ffl 


Sediment  Volume  (m3) 


Sediment  Dry  Weight  (t) 


Sediment 

Removed 

Discharge 

Water 

Quantities 

Quantities 
Settled 
in  Pond 

Sediment 

Removed 

Discharge 

Water 

Quantities 

Quantities 
Settled 
in  Pond 

<m3) 

(m3) 

(m3) 

(tons) 

(tons) 

(tons) 

1978 

17,227 

35,615 

29,960 

9,027 

9,545 

9,248 

1979 

23,418 

39,009 

33,278 

11,592 

11,586 

10,574 

1980 

47,270 

81,073 

78,810 

26,090 

26,757 

25,287 

1981 

38,500 

86,800 

77,300 

14,660 

15,400 

14,580 

Remarks 

Counted  by 
soil  sur¬ 
vey  before 
and  after 
dredging 

Counted  by 
measuring 
apparatus 
in  dredge 

Measured 
in  pond 

Counted  by 
soil  sur¬ 
vey  before 
and  after 
dredging 

Counted  by 
measuring 
apparatus 
in  dredge 

Measured 
in  pond 

v: 

v2 

V3 

M1 

M2 

M3 

BOUNDARY  CONDITIONS  OF  SEDIMENT  SURFACES 
VIEWED  FROM  DO  BEHAVIOR 
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T.  Mimaki 
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ABSTRACT 

In  measurement  of  dissolved  oxygen  (DO)  stratifi¬ 
cations,  the  lowest  point  is  chosen  usually  at  a 
depth  of  0.5  m  above  the  sediment  surface.  DO 
concentrations  in  the  overlying  water  just  above 
the  sediment  are  rarely  measured.  Therefore,  the 
DO  behavior  in  the  sediment-water  interface  is 
not  well  known.  In  order  to  investigate  DO 
behavior,  column  tests  on  DO  were  performed  by 
use  of  special  test  apparatus.  This  paper  deals 
with  these  test  results  and  discusses  the 
boundary  conditions  of  sediment-water  interface 
on  DO  behavior. 

OUTLINE  OF  TESTS 

The  test  column  consists  of  two  parts:  the  upper  and  lower  sections. 

The  latter  is  the  column  sampler  itself,  which  has  been  used  for  sampling 
undisturbed  sediment.  Both  tubes  are  connected  by  a  ring  coupling  in  the 
laboratory  (Figures  1  and  2). 

The  connected  test  column  is  then  provided  with  water  jackets  at  its 
circumference  and  erected  in  an  isothermal  tank.  In  order  to  emerge  from  a 
thermal  stratification  in  summer  lake  water,  the  overlying  water  column  is 
heated  by  three  isothermal  tanks  with  different  temperatures.  Since  we  had 
to  measure  DO  concentrations  of  very  thin  layers,  we  have  paid  close  attention 
to  water  sampling  and  analysis. 
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The  sampling  tube  (Figure  3)  has  a  diameter  of  6  nan,  a  horizontal  length 
of  170  mm,  and  8  holes  of  0.5  mm<$>.  In  the  1980  tests,  4  tubes  were  inserted 
at  heights  of  1,  10,  40,  and  70  cm  above  sediment,  and  in  the  1981  tests, 

6  tubes  at  heights  of  1,  4,  7,  10,  40,  and  70  cm,  respectively.  The  15-ml 
water  samples  were  taken  gently  so  that  the  Reynolds'  numbers  did  not  exceed 
100.  Samples  were  put  into  the  special  DO  meter,  which  was  designed  for  this 
test  (Figure  4).  This  meter  has  a  small  stirrer  for  medical  use  and  is  capable 
of  measuring  very  small  quantities  of  water. 

The  sediment  samples  were  taken  fromi  Lake  Nakanoumi  and  one  of  its  in¬ 
flowing  rivers.  : 

| 

THERMAL  STRATIFICATION 

Quantities  of  heat  flowing  into  and  out  of  a  segment  of  the  water  column 
may  be  expressed  as  shown  in  Figure  5. 


Figure  2.  Photo  of  apparatus 


ium  equation  for  the  heat  quantities  is  represented  as  follows 


3T  k  32T  „  do  9T 

TT  =  7TT  - q-  "  wT  - - PW  — 

at  Cp  ^z2  dZ  dZ 


(i) 


temperature  °C 


fter  incubation  of  tests,  days 


w  = 


Figure  5.  Induction  of  thermal  stratification 

descending  flow  velocity  due  to  water  temperature  difference,  cm/ sec 

3 

Cp  =  specific  heat  of  water,  cal/°C/cm 

k  =*  thermal  conductivity,  cal/cm/sec/ °C 

3 

p  =  water  density,  g/cm 
z  =  height  of  water  column 

The  solution  of  Equation  I  is  obtained  in  the  following  series  function: 
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Figure  7.  Ratio  of  T/T 

o 

Putting  the  test  results  T/T  =■  1.092  at  z  =  40  cm  (1981)  into  Equation  2, 
we  can  calculate  the  values  of  w: 


w2  402 

1 . 092  *•  1  +  ~r  ~— 


2  4  24 


-4  J  3  3 

(1.793  »  10  )  x  wJ  x  2;.7J  x  40 


0.092  -  400  ~  -  1.0995  x  10~5  w3 


Neglecting  the  second  term  in  the  right  side,  we  get 

i-  =.  0^092  -4 

.2  400  iU 

D 


f  =  1.517  x  10~2  cm-1 


Similarly  for  T/Tq  =  1.1085  at  z  =  30  cm  (1980) 


^  =  2. 195  x  10  2  cm-1 


f 


-3  2 

Taking  D  =  1.5  *  10  era  /sec,  we  get 

w  -  1.517  x  10~2  x  1.5  *  10‘3  -  2.276  x  10~5  cm/?ec  (1981) 

w  »  2.195  x  io-2  x  1.5  x  io‘3  «  3.287  x  io-5  cm/sec  (1980) 

From  the  water  temperature  profiles  it  is  found  that  the  descending 
velocity  (w)  due  to  temperature  differences  at  greater  differences  is  about  one 
and  a  half  times  as  large  as  at  lower  differences.  (This  means  that  the  value 
of  w  is  proportional  to  temperature  difference.  The  larger  temperature  differ¬ 
ence,  the  bigger  w.) 

VARIANCE  OF  DO  AGAINST  TIME 

As  indicated  earlier,  sediment  samples  were  taken  from  Lake  Nakanourai  and 
one  of  itis  inflowing  rivers.  Tap  water  was  used  as  overlying  water. 

The  relationships  between  DO  concentration  profiles  and  time  transfer  are 
shown  in  Figures  8  and  9. 


Figure  8.  DO  stratification 


1 18 


Figure  9.  DO  stratification 


As  the  figures  show,  the  initial  DO  profile  is  a  nearly  vertical  line, 
located  almost  entirely  in  the  portion  overlying  the  sediment  10  cm  above  the 
interface.  DO  concent  rat  ions  decrease  rapidly  and  approach  within  10  cm  above 
the  Interface.  We  can  see  clearlv  that  DO  concentrations  decrease  gradually 
according  to  time  and  reach  a  final  distribution  shifted  to  the  left  in  these 
figures.  Thoir  reduction  is  strong  at  the  lower  layers  and  weak  in  the  upper 
layers  (Figure  10). 


DO  STRATIFICATION 


From  our  test  results,  we  have  learned  that  we  should  consider  DO  strati¬ 
fication  in  two  parts.  The  tirst  part  is  the  distribution  due  to  thermal 
stratification  occurring  In  the  portion  of  the  water  column  above  the  water 
layer  immediately  overlying  the  sediment.  The  second  part  Is  the  distribution 
due  to  sediment  oxyyen  demand  and  occurring  in  the  laver  Immediately  overlvlng 
the  sediment. 
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Figure  10.  Change  of  DO  against  time 
DO  DISTRIBUTION  DUE  TO  THERMAL  STRATIFICATION 
An  equilibrium  equation  of  disolved  oxygen  is  represented  as  follows: 

3c  3c  32c 

where 

c  j  -  DO  concentration,  mg/?. 

w  »  descending  velocity  due  to  thermal  stratification,  cm/sec 

K  »  diffusion  coefficient  of  dissolved  oxygen  in  the  vertical  direction 
cm' / sec 

z  •  length  of  water  column,  cm 
t  -  time,  sec 

We  assume  that  the  solution  of  Equation  5  is  a  separate  function  of 
temperature  (T)  at  time  (t)  and  z  as  follows: 


Then  putting 


Cj  -  T(t)  S(z) 


3S  S  S 

w  at  +  K  2 

T'(Q  ,  5z 


We  get 


T’  -  -n  T 


K  4  -  V  +  n2S  -  0 
-  2  3z 
3z 


From  Equation  7 


T  -  Ce 


Equation  8  is  rewritten  as  follows: 


ifi  W  3S  n£ 

-  2  K  3z  K  U 

3z 


2  W  n‘  ,  n 

m  •  k  m  +  r  "  ° 


_W  /  wf_ 
m“2K-V4K2"K 


Thereupon 


S(Z)  -  C j em ! Z  +  C2em2Z 
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Finally 


cj  =*  e 


(IQ  j  Z  IQjZ  \ 

Cl«  +  C2e  ) 


At  the  water  surface  (z  =  H  where  H  *  total  length  of  water  column),  the 
following  condition  is  composed  of 


wC  -  K  ~  -  0 

3z 


-n2t/  *1H  ,.-n2t  L_  "l"  "*f 


C,e  +  C,e  J  -  Ke 


Cjm^e  +  C2m2e 


/  \  mlH  /  \  m2H 

I  w  +  m  K  e  Cj  +  l  W  +  m2K  le 


C,  -  0 


w  +  m, K  H 


'2  w  +  mjK 


Then  we  get 


2^  m,z  w  +  m.K 

-n  t  „  l  1 

c,  *  e  C,  e  +  — - - rr  e 

l  ‘  w  +  m.  K 


jZ  w  +  mjK  ^m]-m2^  H  +  m2Z 


This  is  an  equation  on  DO  variance  in  an  unsteady  flow. 

In  a  steady  flow,  the  following  solution  is  obtained  from  the  equation: 

3Cj  32Cj 

w  — —  -  K  t— 7—  »  0 

3z  3z^ 


w 

_  r  K  KZ 
C1  =  C1  w  6 


The  curve  of  Equation  13  or  14  is  connected  to  the  curve  of  the 
deoxygenating  zone,  which  is  dealt  with  in  the  next  section.  Consequently, 
the  arbitrary  constant  Cj  is  determined  by  it.  Then, 


« 


=*  lc 


(15) 


z=h 


sin  a 


C1 


Sin(J|h  +  a) 
sin  a 


(16) 


DISTRIBUTION  DUE  TO  THE  DEOXYGENATION  OF  SEDIMENT 

The  test  results  showed  that  the  water  temperature  in  the  water  just  above 
the  sediment  (z  £  10  cm)  is  constant  (Figure  11).  This  means  that  there  is  no 
descending  velocity  due  to  thermal  stratification.  The  variance  of  DO  concen¬ 
trations  at  this  portion  is  represented  as  follows: 


Figure  11.  DO  distribution  in  deoxygenating 
zone,  Ci  =  DO  distribution  due  to  thermal 
stratification,  C2  3  DO  distribution  due  to 
sediment  02  demand 


at 


Ac 


2 


(17) 


where 

c2  =  DO  concentration,  mg/i 

2 

K  =  diffusion  coefficient  of  dissolved  oxygen,  cm  /sec 
A  =  deoxygenating  rate,  sec 
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The  solution  of  Equation  18  is  obtained  as  follows: 


since  C  *  C0  at  ~  a  0,  z  *  0,  we  get 

L0 

A  =  — - 

sin  a 


Equation  18  becomes 


This  is  an  equation  of  DO  variance  at  the  deoxygenating  zone  in  an  un 
steady  flow.  In  a  steady  flow,  it  becomes  as  follows: 


sm 


G/I*  * a) 


sxn  a 


A 


11.5  -  0.2 

11.5  x  3  x  ,)4  x  3600 


3.73  x  10 


-1 

sec 


Putting  the  data  together: 
z  »  70  cm;  Cj  =  8.8  mg /l  (t  =  0) 
z  =  10  cm;  Cj  =  7.6  mg/Z  (t  =  0) 

We  get 

-  =  0.00244 


Since  w  is  already  known  (page  7),  then  we  obtain 

K  =  1.345  x  10  2  cm2/sec 

From  the  observed  data, 

t  3  0,  C2  ■  11.5  mg/il,  and  t  =*  3  days;  C2  =  0.2  mg/i, 

we  get 

*  0.0527  cm/ sec 

aQ  «  0.025  rad 
CQ  *  1.22  mg/i 

Figure  12  shows  the  DO  profile  in  the  deoxygenating  zone. 
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Figure  12.  DO  profile  in  deoxygenating  zone 

BOUNDARY  CONDITIONS  ON  DO  AT  SEDIMENT  SURFACE 

As  the  test  results  show,  we  could  reemerge  DO  stratifications  in  the 
laboratory.  These  behaviors  were  analyzed  theoretically  in  the  preceding 
chapter . 


Owing  to  the  DO  stratification,  the  diffusion  of  dissolved  oxygen  travels 
from  the  upper  layers  to  the  lower  ones,  that  is,  from  higher  concentrations 
to  lower  ones.  The  quantities  which  reach  from  the  top  to  the  sediment  sur¬ 
face  are  -K  ~  per  unit  area  and  per  unit  time.  On  the  other  side,  some  quan- 

JZ 

tities  of  oxygen  are  consumed  by  sediment  during  deoxygenation,  as  far  as  it  is 
polluted . 

These  two  quantities  should  be  in  equilibrium  (Figure  13).  Then  we  get 
the  equation  if  we  represent  sediment  oxygen  demand  (SOD)  as  0^. 


Figure  13.  Equilibrium  at  sediment  surface 


This  is  a  fundamental  equation  of  SOD.  From  this,  we  can  say  that  SOD 
behaves  exponentially  against  time  (Figure  14). 
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Figure  14.  Sediment  oxygen  demand 
behavior  against  time 

The  total  consumption  of  oxygen  (Figure  15)  is  obtained  by  a  planimeter. 
If  we  represent  it  mathematically,  it  becomes 


In  Table  1,  the  measured  and  calculated  values  of  SOD  in  one  sample  are 
indicated.  The  calculated  values  are  obtained  from  the  assumption  that 

n2  =  0.11. 


Table  1.  Measured  and  calculated  values  of  SOD 


« 


fl 


t_ 

SOD 

mg/m2 / d 

Measured 

o2/o2(0) 

Calculated 

0 

400 

1.0 

1.0 

2 

320 

0.8 

0.803 

4 

250 

0.  625 

0.644 

6 

210 

0.525 

0.517 

8 

150 

0.  375 

0.375 
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Figure  16.  Comparison  of  measured  and 
computed  values  of  SOD 

We  can  see  from  Figure  16  that  there  is  a  good  agreement  between  observed 
and  calculated  values  of  SOD. 

CONCLUSIONS 

The  DO  stratifications  that  are  often  observed  in  lakes  and  other  water 
areas  are  well  known  to  pollution  investigators.  However,  there  are  very  few 
data  regarding  DO  behavior  on  the  sediment  surface.  From  our  test  result  we 
can  say  that  the  sediment  surface  is  always  subject  to  an  anoxic  conditi.'" 
owing  to  its  oxygen  demand. 

From  our  tests,  we  have  learned  that  any  DO  stratification  consists  of 
two  parts,  that  is,  one  due  to  thermal  stratification  and  one  due  to  the 
oxygen  demand  of  the  sediment.  It  was  also  found  that  the  latter  has  a  small 
height  (z  _<  10  cm). 

In  winter,  no  thermal  stratification  occurs.  Consequently,  the  DO  profile 
becomes  a  vertical  straight  line  in  most  of  the  water  column.  In  this  case,  it 
can  incorrectly  be  considered  to  extend  to  the  sediment  surface. 

The  line  bends  at  a  large  angle  at  the  junction  with  the  deoxygenating 
zone  (Figure  17). 

DO  stratification  generated  in  summer  reveals  an  exponential  profile 


represented  by 


w 
— z 

_  K  K 
c,  =  C,  -  e 
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Figure  17.  DO  profile 

This  curve  is  pulled  to  lower  concentrations  (to  the  left  in  the  figure) 
at  its  lower  end  by  the  curve  of  the  deoxygeneting  zone. 

In  our  tests,  we  studied  SOD  behavior  from  both  observation  and  theoreti¬ 
cal  considerations.  We  found  that  such  DO  behavior  on  the  boundary  layer  of 
the  sediment  has  a  great  effect  upon  the  release  mechanism  of  nutrients.  How¬ 
ever,  this  problem  was  not  within  the  scope  of  this  paper. 
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ABSTRACT 

This  paper  describes  the  research  approach  being 
used  in  the  Interagency  Field  Verification  of  Testing 
and  Predictive  Methodologies  for  Evaluating  Dredged 
Material  Disposal  Alternatives  Program  (Field  Verifi¬ 
cation  Program  -  FVP).  Evaluative  techniques  are 
being  conducted  on  sediment  samples  collected  from 
the  channel  prior  to  dredging.  The  same  parameters 
will  be  measured  in  the  field  after  disposal  takes 
place.  The  accuracy  of  the  laboratory  predictions 
will  be  determined,  and  the  ecological  importance  of 
the  parameters  measured  will  be  assessed.  This 
information  will  help  shape  the  implementation  of 
the  environmental  reg-  'ations  governing  dredging 
and  disposal. 


INTRODUCTION 

Environmental  regulations  in  the  United  States  require  that  proposed 
dredged  material  discharges  be  evaluated,  found  acceptable,  and  a  permit 
issued  before  the  dredging  operation  can  begin.  The  U.S.  Army  Corps  of  Engi 
neers  (Corps)  is  the  regulatory  agency  which  issues  these  permits  after 
evaluating  the  discharge  according  to  guidelines  and  criteria  established  by 
the  U.S.  Environmental  Protection  Agency  (EPA).  Section  404  of  the  Clean 
Water  Act  (Public  Law  92-500)  and  Section  103  of  the  Marine  Protection, 
Research  and  Sanctuaries  Act  (Public  Law  92-532)  require  that  environmental 
evaluations  of  dredged  material  discharges  include  the  effects  of  disposal 
on  pollutant  "concentration  through  biological  processes"  (bioaccumulation); 
"transfer  through  biological  processes"  (biomagnification);  "effects  on  fish 
shellfish,  wildlife,  shores,  and  beaches;"  "transfer  through  physical 
processes"  (sediment  transport);  "species  and  community  population  changes;" 
and  "other  locations  and  methods  of  disposal  including  land-based  alterna¬ 
tives."  At  present,  some  of  these  evaluations  are  made  using  first- 
generation  techniques  which  have  not  been  field  verified  and  therefore 
generate  data  whose  interpretation  is  subject  to  disagreement.  Other  of 
these  evaluations,  such  as  effect  on  wildlife,  shores,  and  beaches;  transfer 
through  biological  processes;  species  changes;  and  alternative  disposal 
methods,  are  addressed  only  in  a  rather  cursory  and  subjective  manner 
because  no  objective  evaluative  procedures  have  been  documented  or  verified. 
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In  order  to  uphold  legal  responsibilities,  it  is  necessary  to  provide  Corps 
and  EPA  field  offices  with  documented  and  verified  procedures  for  all  the 
required  evaluations.  These  must  te  accompanied  by  interpretive  guidance 
based  on  documented  evidence  in  order  to  satisfactorily  meet  field  needs. 

The  Corps,  and  to  a  lesser  extent  the  EPA,  have  conducted  and  will  con¬ 
tinue  to  conduct  the  essential  first  steps  of  research  and  development  of 
theoretically  sound  and  practical  evaluative  techniques.  For  those  tech¬ 
niques  that  have  been  developed,  it  is  essential  far  their  acceptance  by  other 
regulatory  and  resource  agencies  to  document  and  verify  under  field  condi¬ 
tions  both  the  accuracy  of  the  techniques  and  the  overall  environmental 
consequences  of  the  predicted  changes.  The  Field  Verification  Program  (FVP) 
meets  this  critical  need.  The  program  is  a  cooperative  effort  between  the 
Corps  and  EPA  and  will  be  completed  within  a  5-year  period.  The  program  is 
designed  to  provide  the  field  with  verified  procedures  and  interpretive 
guidance  for  use  in  assessing  the  environmental  consequences  of  dredged  mate¬ 
rial  disposal  under  aquatic,  wetland,  and  upland  conditions.  The  Waterways 
Experiment  Station  (WES),  Vicksburg,  Mississippi,  is  the  Corps  laboratory 
responsible  for  the  program  and  will  conduct  the  wetland  and  upland  portions 
of  the  program.  EPA's  Environmental  Research  Laboratory  at  Narragansert , 

Rhode  Island  (EP1N) ,  is  the  responsible  EPA  laboratory  and  will  conduct 
the  majority  of  work  for  the  aquatic  portion  of  the  program. 

PROGRAM  OVERVIEW 

The  purpose  of  the  program  is  to  document  and  verify  existing  predictive 
techniques  for  use  by  the  field  in  evaluating  the  long-term  effects  of  dredged 
material  disposal.  This  will  be  accomplished  by  achieving  three  primary 
objectives.  One  is  to  demonstrate  the  adaptability  of  a  variety  of  existing 
predictive  techniques  to  dredged  material,  and  to  determine  the  reproducibil¬ 
ity  of  those  techniques  in  the  laboratory.  The  second  objective  is  to 
utilize  field  studies  to  verify  the  accuracy  of  the  laboratory  predictions. 

The  third  major  objective  is  to  utilize  the  laboratory  and  field  data  to  com¬ 
pare  disposal  in  upland,  wetland,  and  aquatic  environments  in  terms  of  over¬ 
all  impact.  To  accomplish  the  program  objectives,  evaluation  techniques 
previously  developed  by  both  the  Corps  and  EPA  will  be  applied  to  the  routine 
maintenance  dredging  of  Black  Rock  Harbor,  Bridgeport,  Connecticut.  Portions 
of  the  relatively  homogeneous  dredged  material  from  this  project  will  be 
placed  in  an  aquatic  disposal  site,  used  to  create  a  wetland,  and  placed  in 
an  upland  confined  disposal  site.  This  will  provide  the  unusual  opportunity 
to  verify  evaluative  techniques  for  predicting  impacts  in  all  three  types  of 
disposal  environments  and  allow  a  direct  comparison  of  the  environmental 
consequences  of  the  same  material  under  different  disposal  conditions. 

For  management  purposes,  the  program  has  been  divided  into  Aquatic, 

Upland,  and  Wetland  areas  of  investigation.  Work  units  that  address  spe¬ 
cific  topics  were  developed  within  each  major  area  of  investigation.  Each 
work  unit  includes  both  the  laboratory  documentation  of  the  applicability, 
reproducibility,  and  precision  of  the  technique (s ) ,  and  the  field  verifica¬ 
tion  of  its  accuracy  in  predicting  the  environmental  consequences. 
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The  results  of  the  Aquatic,  Upland,  and  Wetland  areas  of  investigation 
will  be  published  throughout  the  program  in  scientific  journal  articles  and 
a  comprehensive  series  of  Technical  Reports,  as  listed  in  Table  1.  jrhe 
information  generated  in  all  areas  of  investigation  will  be  used  to  develop 
a  program  synthesis  report.  This  report  will  delineate  the  usabilit^  of 
techniques  along  with  interpretive  procedures  for  accurately  predicting 
environmentally  important  consequences  from  the  disposal  of  dredged  material 
under  aquatic,  wetland,  and  upland  conditions. 

The  FVP  was  authorized  and  funded  in  February  1982.  In  April,  yich  the 
cooperation  of  the  New  England  Division  of  the  Corps,  predredging  sediments 
were  collected  for  physical  and  chemical  characterization  and  for  use  in 
laboratory  predictive  testing.  A  technical  agreement  between  the  WE$  and 
ERLN  was  developed  and  signed.  This  agreement  delineates  the  responsibili¬ 
ties  of  the  respective  laboratories  for  the  aquatic  portion  of  the  program. 
ERLN  has  initiated  the  aquatic  biological  studies  while  the  WES  has  initiated 
the  upland  and  wetland  plant  and  animal  bioassay  laboratory  studies. I  In 
addition,  the  design  for  the  confined  disposal  sice  and  predictive  testing 
for  effluent  quality  have  been  completed.  Baseline  data  surveys  of  the 
aquatic  disposal  site  were  conducted  by  ERLN  during  the  summer.  The j FVP  has 
been  presented  to  Federal  and  state  resource  agencies  and  the  public j through 
public  meetings,  workshops,  and  briefings. 

The  confined  disposal  site  will  be  constructed  during  the  winter  of 

1982.  Disposal  operations  at  the  confined  disposal  and  aquatic  sited  will 
be  conducted  during  the  spring  and  summer  of  1983.  Laboratory  documentation 
of  testing  procedures  for  bioaccumulation  and  consequences  of  bioacciimula- 
tion  in  aquatic  organisms  will  continue  through  1983.  Results  of  thcjse 
laboratory  studies  will  be  reported  in  1984  and  1985,  through  Technidal 
Reports,  Newsletters,  and  scientific  journal  articles.  Field  verification 

of  the  laboratory  results  at  the  aquatic  disposal  site  will  start  in  1198 3  and 
continue  into  1985,  with  results  of  the  field  studies  reported  in  1986. 

During  dredged  material  disposal  at  the  confined  disposal  site,  water)  quality 
will  be  monitored  for  use  in  verifying  laboratory  predictions.  Aftetf  dis¬ 
posal,  surface  runoff  and  groundwater  will  be  monitored  for  determining 
potential  contaminant  movement.  Laboratory  bioassay  testing  wi*h  uplland  and 
wetland  plants  and  animals  will  continue  through  1983,  with  field  verjifica- 
rion  studies  commencing  in  1983  and  continuing  into  1985.  Results  oft  the 
upland  and  wetland  laboratory  and  field  studies  will  be  reported  in  1984-86. 
Calibration  and  verification  of  a  three-dimensional  (3-D)  sediment  transport 
model  will  be  completed  and  a  User  Guidance  Manual  will  be  available  iin 

1983.  A  workshop  on  uses  of  the  sediment  transport  model  will  be  hei|d  in 
late  1983. 

The  major  effort  for  1986,  the  last  year  of  the  program,  will  be)  the 
technical  transfer  of  the  program  results.  User-ot iented  products,  primarily 
in  the  forms  of  Technical  Reports  and  Engineering  Manuals,  will  be  developed. 
These  documents  will  provide  the  field  with  documented  and  verified  tech¬ 
niques  and  interpretive  guidance  for  complying  with  regulatory  requirements 
for  evaluating  dredged  material.  The  scientific  documentation  neeesn.'ry  to 
demonstrate  the  appropriateness  of  the  recommendations  will  be  establish'd  by 
publication  of  findings  in  the  scientific  literature.  ! 


The  Corps  and  EPA  share  responsibility  for  the  regulatory  program  for 
dredged  material.  Experience  has  proven  that  cooperation  at  the  field  work¬ 
ing  level  is  greatly  enhanced  when  scientists  of  both  agencies  jointly 
recommend  the  same  evaluative  procedures.  The  FVP  should  produce  similar 
increased  cooperation  at  higher  levels  by  uniting  the  agencies  in  purpose 
and  funding  at  the  Laboratory-Division-Region  level.  This  will  add  to  the 
credibility  of  the  program  among  critics  and  reduce  any  perceptions  of  bias. 

PROCRAM  IMPLEMENTATION-AQUATIC 

The  Aquatic  area  of  investigation  includes  four  work  units.  The  work 
unit  entitled  "Bioaccumulation  of  Contaminants  by  Aquatic  Animals"  will 
document  the  laboratory  reproducibility  and  precision  of  available  bio¬ 
accumulation  predictive  procedures,  and  verify  the  accuracy  of  the  predictions 
under  field  conditions.  The  second  work  unit,  entitled  "Consequences  of 
Bioaccumulation  in  Aquatic  Animals,"  will  evaluate  selected  physiological 
response  parameters  as  indicators  of  the  biological  consequences  of  bioac— 
cumulation  and  verify  these  procedures  under  field  conditions.  These 
piiamecers  have  been  developed  by  EPA  for  evaluating  effects  on  fish  and  shell 
fish  for  nondredged  materials.  Included  in  these  parameters  are:  scope  for 
growth  (metabolic  potential  for  growth  and  reproduction),  genetic  toxicology 
(sifter  chromatid  exchange),  h istopathology  (deformities,  abnormalities,  and 
diseases),  and  changes  in  adenylate  energy  charge.  Also  included  in  the 
work  unit  is  the  incorporation  of  these  and  other  measurements  into  a  haz¬ 
ard  assessment  protocol  for  overall  Impact  prediction  and  assessment.  The 
third  work  unit,  entitled  "Effects  of  Aquatic  Disposal  on  Community  Structure, 
will  determine  potential  Impacts  of  contaminated  dredged  material  on  popula¬ 
tions  and  community  structure  and  function  tr.  the  laboratory  and  evaluate 
the  effects  of  open  water  disposal  on  populations  and  comunitles  in  the  field 
The  fourth  work  unit,  entitled  "Dredged  Material  Movement,"  involves  the 
completion  of  calibration  and  verification  of  a  3-D  mathematical  model  for 
simulating  the  dispersion  of  dredged  material  from  aquatic  disposal  sites. 

Bloaccumulat ion  of  Contaminants  by  Aquatic  Animals 


Problem 

National  legislation  and  international  treaty  require  an  assessment  of 
bioaccumulation.  The  reproducibility  of  test  results  and  precision  of  bioac¬ 
cumulation  predictions  made  using  the  current  regulatory  procedure  have 
never  been  determined,  nor  has  the  accuracy  of  the  procedure  in  predicting 
actual  field  conditions  been  assessed.  This  information  is  essential  in 
order  to  properly  Interpret  test  results  in  a  regulatory  context  and  to  deter¬ 
mine  whether  alternate  or  modified  procedures  evaluated  in  other  work  units 
ire  more  useful. 

Ob  j  ec  c i ve 

The  objective  of  this  work  unit  is  to  document  the  laboratory  reproduci¬ 
bility  and  precision  of  available  bioaccumulation  predic' .ve  procedures,  and 
to  verify  the  accuracy  of  the  predictions  under  field  conditions. 
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Approach 

Existing  evaluative  techniques  will  be  refined  as  necessary  and  their 
predictive  value  verified  by  applying  them  to  this  specific  dredging  project. 
Levels  Of  bioaccumulation  of  selected  contaminants  over  time,  the  biological 
and  physical  factors  affecting  bioaccumulation,  and  the  variability  in  bioac¬ 
cumulation  predictions  will  be  documented  in  the  laboratory.  Bioaccumulation 
wi] •  then  be  determined  under  field  conditions  and  compared  with  laboratory 
predictions  to  verify  the  accuracy  of  the  prediction  methodologies. 

Initial  characterization  of  Black  Rock  Harbor  sediments  has  been 
completed.  Baseline  body  ourdens  in  organisms  collected  at  the  aquatic 
disposal  site  were  determined  prior  to  disposal  operations.  Bioaccumulation 
of  contaminants  present  in  the  sediment  by  a  number  of  indigenous  aquatic 
species  has  been  documented  in  the  laboratory.  Species  examined  include  the 
mussel  Mytllus  edulls ,  the  polycnaete  worm  Nephtys  inclsa,  and  the  crustacean 
Mys idopsls  bahla. 

Laboratory  documentation  of  bioaccumulation  will  be  expanded  to  include 
additional  exposure  conditions  and  species  such  as  the  winter  flounder  Pseudo- 
pleuronectes  amer icanus  and  the  polychaete  worm  Neanthes  arenaceodentata. 

Work  will  be  initiated  to  field  verify  the  bioaccumulation  procedures  at  the 
disposal  site  receiving  contaminated  dredged  material.  Chemical  analysis  of 
contaminants  associated  with  suspended  sediments  will  be  carried  out.  Empha¬ 
sis  will  be  on  the  comprehensive  field  verification  of  bioaccumulation 
procedures.  Bioaccumulation  from  suspended  sediments  will  be  compared  with 
that  f rcm  consolidated  sediments.  Chemical  analysis  of  dredged  material 
after  disposal  will  be  carried  out. 

Consequences  of  Bioaccumulation  in  Aquatic  Animals 

Problem 

Dredging  operations  may  result  in  the  accumulation  of  toxic  substances 
by  aquatic  organisms.  There  is  presently  no  means  of  assessing  the  biological 
significance  of  these  observed  body  burdens.  This  capability  is  required  by 
Corps  and  EPA  field  personnel  to  evaluate  the  impact  of  dredging  operations 
on  aquatic  organisms  as  mandated  by  national  legislation  and  international 
treaty. 

Objective 

This  work  unit  objective  is  to  evaluate  selected  physiological  response 
parameters  as  indicators  of  the  biological  consequences  of  bioaccumulation 
and  to  verify  these  procedures  under  field  conditions. 

Approach' 

Several  physiological  indices  of  biological  health  will  be  determines 
in  organisms  which  have  accumulated  environmental  contaminants  from  dredged 
material.  These  indices  will  include:  scope  for  growth,  sister  chromatid 
exchange,  adenylate  energy  charge,  and  h t stopat holog ical  parameters.  These 
responses  will  first  be  determined  in  the  laboratory  to  establish  feasibility 
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of  use  with  dredged  material  and  correlation  with  bioaccumulation.  They  will 
then  be  verified  in  aquatic  organisms  exposed  to  contaminated  sediments  in  the 
field.  In  addition,  there  will  be  an  overview  of  the  consequences  of  bioac¬ 
cumulation  by  integrating  the  results  of  all  investigations  within  the  program 
on  the  effects  of  open  water  disposal.  This  synthesis  will  qualitatively 
and  quantitatively  evaluate  the  methodologies  used  to  assess  the  consequences 
of  bioaccumulation  at  the  three  levels  of  biological  organization  (i.e.  popu¬ 
lation  /communities,  individual  organisms,  and  biochemical)  and  to  relate 
these  methodologies  with  observed  levels  of  tissue  contamination. 

Baseline  data  on  scope  for  growth,  sister  chromatid  exchange,  adenylate  , 
energy  charge,  and  histopathology  were  collected  prior  to  disposal  operations. 
Animal  studies  include  the  mussel  Mytilus  edulis,  the  polychaete  Nephyts 
inclsa,  and  the  amphipod  Amplisca  abdita.  Laboratory  documentation  of  physio¬ 
logical  indices  of  biological  stress  will  be  expanded  to  include  the  worm 
Neanthes  arenaceodentata  and  the  crustacean  Mysidopsis  bahia.  The  response 
of  the  indices  will  be  documented  in  animals  exposed  to  suspended  as  well  as 
consolidated  sediments.  Work  will  be  initiated  to  evaluate  the  use  of  these 
physiological  responses  as  indicators  of  biological  health  following  actual 
disposal  operations  in  the  field.  Emphasis  will  be  on  field  verification  of 
potentially  useful  biological  responses.  Field  verification  of  laboratory 
observed  physiological  indices  of  health  will  be  conducted.  Physiological 
response  will  be  correlated  with  contaminant  body  burdens  for  regulatory 
use. 

Effects  of  Aquatic  Disposal  on  Community  Structure 
Problem 

Comprehensive  evaluation  of  aquatic  disposal  impacts  requires  that,  in 
addition  to  studies  using  selected  key  species,  communities  also  be  evaluated. 
This  work  unit  will  evaluate  the  usefulness  of  existing  procedures  for  pre¬ 
dicting  effects  on  communities,  and  determine  the  actual  effects  occurring 
in  the  field.  It  is  expected  that  this  work  will  provide  a  quantitative 
basis  for  addressing  the  requirements  under  the  Ocean  Dumping  Act  and  Clean 
Water  Act  to  assess  the  effects  of  disposal  on  changes  in  ecosystem  diversity, 
productivity,  stability,  and  species  and  community  population  changes. 

Objective 

The  objective  of  this  work  unit  is  to  determine  potential  impacts  of 
contaminated  dredged  material  on  populations  and  community  structure  and 
function  in  the  laboratory  and  to  evaluate  the  effects  of  open  water  disposal 
on  populations  and  communities  in  the  field. 

Approach 

The  effects  of  contaminated  dredged  material  disposal  on  community  struc¬ 
ture  will  be  determined  by  measuring  species  diversity,  biomass  distributions, 
mortality,  reproduction,  and  the  intrinsic  rate  of  growth  in  selected  popula¬ 
tions  within  aquatic  communities.  These  population  assessments  will  be 
documented  in  the  laboratory  and  verified  by  monitoring  population  and  com¬ 
munity  changes  in  field  environments  impacted  by  contaminated  dredged  material. 
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Baseline  studies  have  been  carried  out  to  characterize  the  benthic  com¬ 
munity  and  populations  in  the  aquatic  disposal  area  prior  to  dredging  opera¬ 
tions.  Laboratory  studies  have  been  initiated  to  determine  the  effects  of 
contaminated  dredged  material  on  the  population  dynamics  of  the  crustacean 
Mysidopsis  bahia.  Assessment  of  the  effects  of  aquatic  disposal  on  com¬ 
munity  structure  will  begin  after  dredging  operations  have  been  completed. 
Species  diversity  and  biomass  distribution  in  space  and  time  will  be  deter¬ 
mined  at  the  aquatic  disposal  site.  Laboratory  documentation  of  the  popula¬ 
tion  dynamics  of  Mysidopsis  bahia  will  continue  over  two  years.  Initial  popu 
lation  densities  and  cohort  frequencies  of  mysids  at  the  disposal  site  and 
the  effects  of  aquatic  disposal  on  benthic  community  structure  and  succession 
will  be  determined.  An  attempt  will  be  made  to  correlate  changes  in  popula¬ 
tion  dynamics  observed  in  the  laboratory  with  changes  in  community  structure 
observed  in  the  field. 

Dredged  Material  Movement 

Problem 

Funding  to  begin  the  development  of  a  three-dimensional  mathematical 
hydrodynamic  model  was  provided  by  the  Corps  during  1980-82.  Basic  model 
development  has  been  completed  and  the  model  applied  to  a  coastal  environ¬ 
ment.  Field  data  have  been  collected  in  conjunction  with  this  effort,  but 
model  calibration  and  verification  have  not  been  completed.  This  research 
is  needed  to  provide  an  accurate,  reliable,  and  economical  model  to  simulate 
3-D  long-wave  phenomena  and  associated  transport  of  dredged  material  and 
environmental  constituents.  Comprehensive  models  for  describing  dredged  mate 
rial  movements  in  a  coastal  environment  do  not  presently  exist.  Such  a 
model  is  necessary  to  assess  the  potential  impact  of  ocean  dredged  material 
disposal  by  delineating  the  area  of  possible  impact.  It  will  also  allow 
optimum  design  of  monitoring  efforts  by  indicating  the  most  appropriate 
sampling  locations. 

Obj  ective 

Completion  of  calibration  and  verification  of  a  3-D  mathematical  model 
for  simulating  the  dispersion  of  dredged  material  from  aquatic  disposal  sites 
is  the  objective  of  this  work  unit. 

Approach 

Calibration  and  verification  of  the  3-D  dredged  material  transport  model 
will  be  accomplished  using  previously  gathered  field  data  and  model  runs. 

This  will  provide  a  documented,  user-ready  model  which  will  respond  to  wind 
and  tide,  surface  heat  and  salt  flux,  river  flow,  salinity,  and  temperature 
and  surface  elevation  specified  at  open  inflow  boundaries.  Based  on  the 
results  of  the  verification,  a  decision  will  be  made  whether  further  dredged 
material  transport  modeling  work  is  required. 

At  present  the  3-D  model  of  sediment  transport  in  aquatic  disposal  sites 
has  been  developed  and  efforts  to  calibrate  the  model  using  existing  field 
data  have  been  initiated.  Calibration  and  verification  of  the  sediment 
transport  model  through  reoeated  model  runs  will  be  continued.  The  limits 
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and  applicability  of  the  model  will  be  established  and  documented  in  a  User 
Guidance  Manual.  A  workshop/seminar  on  the  uses  of  the  model  will  be 
conducted.  Simplified  techniques  for  the  application  of  the  sediment  trans¬ 
port  model  to  regulatory  evaluation  will  be  developed. 

PROGRAM  IMPLEMENTAT ION-UPLAND  AND  WETLAND 

The  Upland  and  Wetland  areas  of  investigation  include  four  work  units. 
The  first,  entitled  "Effects  of  Upland  Disposal  on  Water  Quality,"  will 
document  and  verify  techniques  for  prediction  of  water  quality  effects  of 
confined  dredged  material  disposal.  The  second  work  unit,  entitled  "Bioac¬ 
cumulation  of  Contaminants  in  Upland  and  Wetland  Plants,"  will  document  and 
verify  plant  bioassay  procedures  to  predict  movement  of  contaminants  into 
upland  and  wetland  plants.  The  third  work  unit,  entitled  "Bioaccumulation 
of  Contaminants  in  Upland  Animals,"  will  document  and  verify  existing 
terrestrial  animal  bioassay  procedures  to  predict  bioaccumulation  of  contami-^ 
nants  in  upland  animals.  The  last  work  unit,  entitled  "Bioaccumulation  of 
Contaminants  in  Wetland  Animals,"  will  document  and  verify  existing  wetland 
animal  bioassay  procedures  to  predict  bioaccumulation  of  contaminants  in 
wetland  animals. 

Effects  of  Upland  Disposal  on  Water  Quality 
Problem 

Section  404  of  the  Clean  Water  Act  requires  evaluation  of  containment 
area  effluent  water  quality.  Techniques  to.  predict  effluent  quality  have 
been  and  are  continuing  to  be  developed  in  laboratory  studies.  However, 
before  use  of  the  techniques  by  regulatory  agencies,  field  verification  under 
controlled  conditions  is  required.  This  field  study  will  provide  informa¬ 
tion  on  the  behavior  of  contaminants  entering,  moving  through,  and  discharged 
from  confined  disposal  areas  as  effluent  or  surface  runoff,  and  will  deter¬ 
mine  potential  for  leaching  of  contaminants  into  groundwater.  Integration 
of  these  field  results  with  related  research  efforts  will  result  in  verified 
techniques  for  evaluating  water  quality  effects  of  confined  disposal.  These 
verified  procedures  will  improve  impact  assessment,  reduce  constraints  imposed 
on  confined  disposal,  and  allow  meaningful  comparison  of  all  available  dis¬ 
posal  options,  resulting  in  monetary  and  manpower  savings. 

Objective 

This  work  unit's  objective  is  to  document  and  verify  techniques  for 
prediction  of  water  quality  effects  of  confined  dredged  material  disposal. 

Approach 

Appropriate  laboratory  predictive  tests  will  be  conducted  on  contaminated 
sediments  prior  to  placement  in  the  confined  disposal  area.  Laboratory 
predictions  will  be  verified  by  field  sampling  during  the  filling  operation 
and  surface  v/.ater  and  groundwater  sampling  following  the  disposal  operation. 
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The  confined  disposal  site  has  been  designed  and  will  he  constructed, 
operated,  and  managed  to  ensure  adequate  sedimentation  and  optimum  fill  con¬ 
figuration.  Samples  from  Black  Rock  Harbor  were  collected  and  a  variety 
of  laboratory  tests  conducted  to  determine  settling  rates,  consolidation 
rates,  and  drying  rates,  and  to  predict  water  quality  of  effluent  discharged 
during  the  filling  operation.  In  addition,  sediment  was  placed  in  a  soil 
bed  in  a  controlled  environmental  building  and  the  drying  process  monitored. 
At  different  soil  moisture  contents,  a  simulated  rainfall  event  was  applied 
to  the  soil  bed  and  the  quality  of  the  surface  runoff  determined.  Monitoring 
wells  for  determining  potential  contaminant  movement  into  groundwater  were 
installed  at  the  site,  and  water  samples  were  analyzed  to  determine  back¬ 
ground  conditions  prior  to  filling. 

Construction  of  the  confinement  structure  is  planned  for  early  FY  83. 

The  confined  site  will  be  filled  using  a  small  cutterhead  dredge.  Laboratory 
predictions  of  effluent  quality  will  be  verified  by  field  sampling  at  the 
confined  site  during  the  filling  operation.  Water  quality  parameters  will 
be  monitored  extensively  in  the  influent,  effluent,  and  at  selected  stations 
within  the  disposal  area.  The  disposal  area  will  be  managed  to  provide 
both  upland  and  wetland  substrate.  Following  disposal,  the  quality  of  sur¬ 
face  water  runoff  will  be  determined  by  controlled  simulation  of  rainfall 
and  collection  of  surface  water  samples.  Soil  erosion  control  by  vegetation 
will  be  evaluated.  The  potential  for  groundwater  contamination  will  be  deter 
mined  by  monitoring  wells  around  and  within  the  disposal  area  and  collection 
and  analysis  of  groundwater  samples  taken  before  and  after  filling.  Surface 
water  quality  will  continue  to  be  monitored  as  the  sediment  is  dewatered 
in  the  upland  portion  of  the  confined  site. 

Bioaccumulation  of  Contaminants  in  Upland  and  Wetland  Plants 
Problem 

Current  legislation  under  the  Clean  Water  Act,  National  Environmental 
Policy  Act  (NEPA) ,  and  Resource  Conservation  and  Recovery  Act  (RCRA) 
requires  evaluations  at  or  beyond  the  present  state  of  knowledge  and  con¬ 
sequently  has  led  to  great  difficulty,  confusion,  and  ostly  project  delays 
for  Corps  Districts  and  EPA  Regions  to  properly  assess  the  impact  of  wetland 
and  upland  disposal  of  contaminated  dredged  material.  An  urgent  need  exists 
to  document  and  verify  existing  test  procedures  for  predicting  contaminant 
mobility  and  bioaccumulation  of  contaminants  in  plants  under  wetland  and 
upland  disposal  environments. 

Objective 

The  objective  of  this  work  unit  is  to  document  and  verify  plant  bioassay 
procedures  to  predict  movement  of  contaminants  into  plants  grown  on  dredged 
material  disposal  sites. 

Approach 


Limited  work  has  been  conducted  3nd  first-generation  test  procedures 
have  been  developed  through  other  research  programs  to  indicate  the  potential 
mobility  of  contaminants  from  contaminated  dredged  material  under  upland 
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disposal  environments.  First-gjeneration  test  procedures  will  be  verified  in 
the  field.  Bulk  samples  of  sedjiment  from  Black  Rock  Harbor  were  collected, 
subsampled,  mixed,  subsampled,  and  redistributed  to  those  research  laboratories 
conducting  tests.  Chemical  analyses  were  performed  on  the  collected  sediment 
samples.  Index  plants  were  grown  and  observed  for  phytotoxicity  during  a 
90-day  growth  period.  j 


Field  tests  will  be  established  at  the  confined  disposal  site  at  Black 
Rock  Harbor.  Plants  grown  in  the  field  tests  will  be  harvested  and  analyzed 
for  bioaccumulation  of  contaminants.  Field  test  results  will  be  compared 
with  laboratory  tests  results  fpr  verification  of  plant  uptake  prediction. 
Plants  grown  during  the  second  year  in  the  field  tests  at  Black  Rock  Harbor 
will  be  harvested  and  analyzed  for  any  continued  bioaccumulation  of  contami¬ 
nants.  Second  year  field  test  results  will  be  compared  with  the  original 
laboratory  tests  results  and  the  first  year  field  test  results  for  verifi¬ 
cation  purposes. 


Bioaccumulation  of  Contaminantsi  in  Upland  Animals 


Problem 


Section  404  of  the  Clean  Wdter  Act  requires  that  environmental  evalua¬ 
tions  of  dredged  material  discharge  include  the  effects  of  disposal  on 
contaminant  "concentration  through  biological  processes."  Several  Corps 
Districts  have  indicated  a  need  to  predict  the  contamination  of  animals  that 
establish  residence  on  upland  disposal  sites  containing  contaminated  dredged 
material.  Many  of  these  sites  have  become  prolific  wildlife  habitats  despite 
the  highly  contaminated  dredged i material  placed  within.  Districts  have 
indicated  a  crucial  need  to  be  able  to  predict  bioaccumulation  of  contaminants 
in  animals  on  these  sites  before  releasing  the  sites  to  state  and  local 
authorities  for  their  use. 

’ 

Objective  j 

! 

This  work  unit's  objectivejis  to  document  and  verify  existing  terrestrial 
animal  bioassay  procedures  to  predict  movement  of  contaminants  into  animals 
on  dredged  material  disposal  sites. 

I 

Approach 

Existing  upland  animal  (annelid  worm)  bioassay  test  procedures  developed 
by  Jr.  C.  A.  Edwards,  Rothamsted,  England,  for  the  European  Economic  Com¬ 
munity  will  be  applied  and  verified  for  use  on  contaminated  dredged  material. 


Existing  techniques  for  determining  bioaccumulation  of  contaminants  in 
upland  animals  were  reviewed.  Technical  experts  in  this  area  of  research 
were  brought  to  the  WES  to  discuss  the  most  appropriate  test  procedures  to 
be  applied  to  the  Black  Rock  Harbor  sediment.  Laboratory  bioassay  tests 
were  initiated  on  sediment  from; Black  Rock  Harbor  using  the  index  animal 
species  Eisenia  f oetida  (earthworm). 
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Field  bioassay  tests  will  be  initiated  at  Black  Rock  Harbor  to  verify 
laboratory  cest  results.  Annelid  worms  will  be  harvested  from  the  upland 
disposal  area  and  prepared  for  chemical  analyses.  Results  of  the  chemical 
analysis  of  initial  field  test  animals  will  be  interpreted  and  field  tests 
will  be  conducted  for  the  second  year.  Other  animals  colonizing  the  upland 
site  will  be  collected  and  analyzed  for  contaminants.  These  results  will 
be  related  to  previous  laboratory  test  results  with  the  annelid  worm.  Field 
tests  with  the  annelid  worm  will  be  conducted  for  a  third  yea'r  and  compared 
with  previous  field  tests  results  as  well  as  the  original  laboratory  test 
results.  These  resulcs  will  be  used  to  further  verify  the  laboratory  test 
results. 

Bioaccumulation  of  Coi  taminants  in  Wetland  Animals 
Problem 

Section  404  of  the  Clean  Water  Act  requires  that  environmental  evalua¬ 
tions  of  dredged  material  discharges  include  the  effects  of  disposal  on 
transfer  of  contaminants  through  biological  processes,  i.e.,  bioaccumulation. 
There  is  a  substantial  lack  of  knowledge  of  contaminant  bioaccumulation  in 
wetland  animals.  This  inadequate  scientific  knowledge  has  led  to  confusion 
and  costly  project  delays  when  Corps  Districts  and  EPA  Regions  need  to 
assess  the  impact  of  wetland  habitat  creation  with  contaminated  dredged  mate¬ 
rial'.  An  urgent  need  exists  to  document  and  verify  existing  test  procedures 
for  predicting  contaminant  mobility,  bioaccumulation,  and  biomagnification 
in  animals  under  wetland  disposal  environments. 

Objective 

The  work  unit  objective  is  to  document,  and  verify  existing  wetland 
animal  bioassay  procedures  to  predict  bioaccumulation  of  contaminants'  in  wet¬ 
land  animals  on  dredged  material  disposal  sites. 

Approach 

Potential  wetland  animal  bioassay  test  procedures  will  be  applied  and 
verified  for  use  on  contaminated  dredged  material. 

Existing  techniques  for  determining  bioaccumulation  of  contaminants  in 
wetland  animals  were  reviewed.  Technical  experts  in  this  area  of  research 
were  brought  to  the  WES  to  discuss  the  most  appropriate  test  procedures  to 
be  applied  to  the  Black  Rock  Harbor  Sediment.  Laboratory  bioassav  tests 
were  initiated  in  sediment  from  Black  Rock  Harbor  using  index  animal 
species  Ner ies  sp.  (sandworm) ,  Arenicola  sp.  (lugworm),  and  Lit torina  (snail) 
as  suggested  by  the  technical  experts.  Laboratory  bioassay  tests  will  be 
completed  and  field  Lioassav  tests  will  be  initiated  at  Black  Rock  Harbor  to 
verify  laboratory  t.st  results.  Field  tests  will  continue  at  Black  Rock 
Harbor  to  determine  bioaccumulation  of  contaminants  in  wetland  animals  dur¬ 
ing  the  second  year.  Other  wetland  animals  that  colonize  the  wetland  area 
will'  be  collected  and  analyzed  for  selected  contaminants.  Second  year  field 
test  results  will  be  compared  with  the  original  laboratory  test  results  as 
well  as  the  results  of  the  first  year  field  tests.  All  test  results  will  be 
evaluated  for  the  verification  of  laboratory  test  procedures. 
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PROGRAM  SYNTHESIS 


Problem 

Section  404  of  the  Clean  Water  Act  and  Section  103  of  the  Ocean  Dumping 
Act  require  that  environmental  evaluations  of  dredged  material  discharges 
include  the  effects  of  disposal  on  "pollutant  concentration  through  biologi¬ 
cal  processes,  transfer  through  biological  processes,"  "effects  on  fish, 
shellfish,  wildlife,  shores,  and  beaches,"  "transfer  through  physical  process," 
species  and  community  population  changes,"  and  "other  locations  and  methods 
of  disposal  including  land-based  alternatives."  In  order  to  uphold  legal 
responsibilities.  Corps  and  EPA  field  elements  require  documented  and 
verified  procedures  for  all  the  required  evaluations  to  accomplish  this  goal. 
Ihe  results  of  the  FVP  will  be  synthesized  into  a  report  that  can  be  used 
by  the  field  in  selecting  suitable  predictive  techniques  and  interpreting 
the  results. 

Objective 


The  program  synthesis  objective  is  to  document  in  a  synthesis  report  the 
usability  of  techniques  along  with  interpretive  guidance  for  accurately  pre¬ 
dicting  environmentally  important  consequences  from  the  disposal  of  dredged 
material  under  aquatic,  wetland,  and  upland  conditions. 

Approach 

The  results  of  the  Aquatic,  Upland,  and  Wetland  Studies  will  be  used 
to  develop  a  program  synthesis  report  that  delineates  those  techniques  along 
with  interpretive  guidance  that  can  be  used  in  assessing  the  environmental 
consequences  of  aquatic,  wetland,  and  upland  disposal.  Program  synthesis 
will  be  prepared  as  a  Technical  Report.  In  addition,  program  results  will 
be  transmitted  to  the  public  through  the  preparation  and  submission  of 
papers  to  appropriate  scientific  and  technical  journals. 

PROGRAM  APPLICATION 

Federal  legislation  requires  the  Corps  to  assess  the  environmental 
consequences  of  dredged  material  disposal.  The  availability  of  documented 
and  verified  predictive  procedures  will  provide  the  quantitative  basis 
needed  for  compliance  with  statutory  requirements.  Impact  assessments  of 
disposal  alternatives  will  be  improved  with  verified  procedures,  resulting 
in  better  decision-making  and  reduced  potential  for  litigation  on  environmen¬ 
tal  issues.  Another  benefit  from  the  program  is,  with  the  ability  to 
quantitatively  define  the  environmental  consequences  of  dredged  material 
disposal,  unrealistic  constraints  presently  imposed  on  dredging  and  dredged 
material  disposal  can  be  eliminated,  resulting  in  monetary  and  manpower 
savings.  Program  results  will  also  provide  some  of  the  tools  needed  for 
cost-effective  dredged  material  disposal  management  strategy.  Finally, 
through  this  program,  the  Corps  can  continue  to  influence  the  direction  of 
criteria  and  regulations  development  and  to  resolve  conflicts  with  other 
regulatory  and  resource  agencies. 
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Results  of  the  program  will  provide  Corps  and  EPA  field  offices  with 
documented  and  verified  state-of-the-art  techniques  and  interpretative  guid¬ 
ance  for  complying  with  the  regulatory  requirements  for  dredged  material 
evaluations.  Since  the  work  will  be  conducted  jointly  by  the  Corps  and  EPA, 
the  credibility  of  the  research  will  be  enhanced.  The  results  will  be 
applicable  nationwide,  and  will  become  available  throughout  the  5-year 
program. 


J  '{/ 

s  !**' 

3 

\ 

i 

M 

i  *  • 

O 

i 

3 

3 

c’  - 

•H 

3 

o 

3 

LJ 

3 

1 

3 

| 

3 

x  *  ■*, 

Li 

O 

O 

3 

3 

3 

3 

•tH 

3 

iH 

3 

*,* 

3 

O 

3 

a 

a 

T3 

O 

a 

Li 

3 

W 

3 

U 

< 

O 

3 

3 

iH 

3 

3 

3 

3 

3 

rH 

3 

*H 

iH 

3 

3 

•H 

LJ 

3 

3 

> 

Li 

3 

3 

> 

3 

3 

3 

■w 

4-i 

t3 

CQ  3 

3 

3 

4-i 

O 

3 

3 

3 

3 

3 

3 

3 

3 

*H 

3 

3 

cr 

*H 

3  ^ 

cr 

TJ 

LJ 

cr 

13 

"H 

cr 

T3 

Ju 

Li 

3 

O 

3 

3 

Li 

-a  XL 

3 

3 

rH 

3 

3 

3 

rH 

00  /-> 

3 

3 

rH 

r  • 

3 

L»  *ri 

3 

O 

3 

O  3 

3 

O 

3 

E 

3 

0 

3 

O  JC 

3 

0 

3 

, 

vO 

> 

3 

O  U 

3 

*H 

> 

Li  M 

3 

•W 

•rH 

3 

3 

•H 

tH 

rH  3 

3 

•tH 

•H 

00 

O 

LJ  U 

O 

LJ 

a  3 

O 

LJ 

Cd 

Lt 

O 

LJ 

Pd 

o  u 

O 

U 

Cd 

f 

Os 

*?H 

3  *H 

CJ 

3 

T3 

3  X 

CJ 

3 

3 

CJ 

3 

J3  3 

CJ 

3 

f. 

rH 

3 

rH  T3 

| 

rH 

rH 

as  w 

1 

rH 

>,  cu 

{ 

rH 

X 

JJ  X 

1 

rH 

X 

3 

t-i 

3  3 

-3 

3 

3 

rJ 

3 

rJ 

3 

JO 

3  ^ 

rJ 

3 

J3 

•H 

O 

00  M 

H 

E 

*tH 

TJ  3 

H 

E 

3 

H 

E 

O. 

H 

E 

?  *  * 

Cd 

3 

3  Oh 

Cd 

3 

U4 

3  LJ 

Cd 

3 

*3 

E 

Cd 

3 

13 

O  3 

Cd 

3 

-a 

r  . 

cn 

1 

Li 

OS 

O 

3  3 

a 

3 

3 

3 

LJ  rH 

3 

3 

H 

OS 

Oh 

3 

as 

CJ 

3 

as 

3 

3 

N 

ss 

3 

3 

3  3 

as 

3 

3 

fm 

CJ 

:  h 

4-*  o  /-N 

H 

cl 

a  6 

H 

3 

•H 

3  /-N 

H 

3 

•H 

•ri  3 

H 

3 

a 

v 

*:• 


3 

a 

o 

os 

cu 

as 

cd 

Cd 

C/J 

2 

2 

H 

5 

S 

o 

2 

X 

a 

Cd 

H 

as 

O 


2 

2 

O 

o 

as 

CL 

2 

O 

M 

< 

cj 


as 

r-d 

> 


’>  •  v-'- 

% 

»  J» 


,  f 


3 

■u  js 

U-t  LJ 

3 

Li  4-1 
Q  O 


O 

u 

Os  <TJ 

O  rH 

3  3 

n  8 


o 

u  i- 
M-.  ca 
3 

M  uh 
Q  O 


cn 

3  L  w 
3  3  3 

c  c  cn 
*h  oi  cn 
6  O  < 


u-4  pa 

cfl 


Q  0 


8 

M 

3 

-u 

3 

a 


Cd 


u-j  a 
3 

LI  4u 

a  o 


B  X 
M  3 
II  13  h 
•u  cu  a. 
3  t4  a. 
Q  4h  < 


o 

lj  *h 


S 

u 

cu  a]  m 
cd  lj 
ij  l  dj 

Q  O  Q 


l  3 
o  a 
o 

3  a 
L  cn 

o 

X  uu 
3  O 
rJ 

I  C 
rJ  o 
H  *H 
Cd  lj 

cd 

as  c 

H  *H 

8 

Li  Li 
4-1  OJ 

cd  u 
u  a) 
a  q 


«d 

3  T3 
cr  3 
<  cn 
o 

3  CL 

•h  x 
w 
X 

aj  cn 
3  6 
O  cn 
Li  *h 

o  c 
cd 

Li  ao 

O  Li 
4-i  O 


-a 

3 

ao 

tj 

3  Li 

Li  cn 
Q  3 
00 
T3  3 
CU  < 
4J  — ' 

cd 

3  *H 
•h  cd 
E  -H 
Cd  Li 
Li  a) 
3  LJ 
O  3 

o  x 


Q 

■X 

3 

O 

-J 

1 

O 

4-i 

•ri 

Cd 

rJ 

Q 

0 

03 

3 

M 

H 

0 

Cd 

ro 

Cd 

>. 

3 

>t 

•*H 

cn 

/*> 

CO 

Li 

O 

Li 

■U 

3 

Li 

ON 

aS 

O 

-H 

0 

3 

Li 

3 

• 

rH 

«-H 

-u 

Li 

-U 

rH 

3 

-O 

rH 

3 

3 

3 

3 

*3 

E 

LJ 

Li 

Li 

- — 1 

E 

3 

3 

Cd 

!  ^ 

O 

3 

3 

3 

3 

3 

>d 

3 

-Q 

3 

00 

3 

O 

3 

03 

M 

3 

£ 

3 

3 

Li 

a 

< 

Q 

r-J 

3 

as 

3 

SL 

'-Z 

4-1 

3 

O 

tH 

3 

>s 

03 

4-i 

3 

cn 

U 

O 

rH 

o 

O 

rH 

•H 

*H 

3 

•H 

3 

3 

Li 

CO 

E 

cn 

L> 

E 

CD  | 

3 

LJ 

•H 

3 

3 

•iH 

rH 

2 

3 

a 

rH 

3 

ns 

3 

3 

< 

3 

3 

< 

Li 

JO 

3 

3 

E 

0 

i  3 

•rH 

3 

3 

3 

3 

3; 

3 

s 

>H 

C 7 

3 

•H 

3 

3 

LJ 

3 

3 

Li 

3 

4— ) 

3 

cn 

3 

3 

O 

c. 

3 

3 

O 

3 

•—4 

Q 

cr 

O 

•H 

cr 

CO 

CJ 

< 

CJ 

CQ 

< 

3 

>v  -H 

M  Li 

O  <D 
LJ  3 
3  <U 
Li  O 
O 

-O  4-1 

3  O 

I  3 
hJ  O 
H  -H 
Cd  Li 
^  3 

as  c 

~i  *H 

£ 

d»  Li 

4-i  (U 

3  LJ 
L»  <U 

a  a 


i 

o 

Li 

a.  o 

CU  iH 

as  lj 

3 

T3  3 
3  CT 
3  < 

>t  3 
00  -H 
O 

ri  3 

o  o 

a  *h 

•H  LJ 

X  o 
O  3 
H  T3 


O  TJ 

LJ  (U 

ao 
T3  "O 
<U  CU 
cn  Li 
O  CJ 
CL 

X  T3 
Cd  <u 


Li 

cn 

3 

00 

3 

< 


•3  g 
3  3 
3  J-» 
00  3 
Li  O 
O  O 


2r  i 

o  >> 

Li  N 

3  3 
Li  Cd 
O 

-O  CM 
3  O 
►J 

i  3 
rJ  O 
H  *h 
Cd  lj 

H-g 

LJ  Li 
CL4  <U 
3  LJ 
Li  3 

a  a 


CJ 

•H  T3 
LJ  3 

3  3 
3  O 
cr  cl 
<  X 
Cd 
3 

*H  3 

£ 

3  3 

E  -H 
3  3 
•M  3 
3  00 
>»  L» 

cn  o 


T3 

3 

00 

T3 

3  -U 

Li  3 

Q  3 
00 
TJ  3 
3  < 

LJ  v— ' 

3 

3  'H 
tH  3 
E  *H 
3  Li 
LJ  3 
3  di 

O  3 

<d  X 


T3 

3 

3 

3 

tH 

LJ 

3 

0 

CJ 


143 


i> 

oS 


Technical  Report;  ETL  =  Engineering  Technical  Letter. 


TABLE  1  (Continued) 


r 

"3 

M 

rH 

01 

cd 

J3 

03 

41 

03 

41 

di 

01 

•H 

5 

a 

33 

T3 

cd 

O 

c 

01 

H 

a 

CO 

•H 

CL 

O  r-N 

3 

cd 

44 

a 

-C 

cr 

■H 

< 

u  o 

01 

3 

o  u 

03 

o 

01 

rH 

43 

44  Cd 

c 

•H 

> 

cd 

00 

X 

o 

41 

u 

C3> 

0)  • — ■ 

O 

cd 

T3 

•4 

rH 

CL 

1 

rH 

rH 

00 

O  03 

-3 

3 

01 

0 

O  JJ 

H 

£ 

•H 

rH 

00  c 

W 

3 

U4 

o 

01 

\ 

O 

X 

T3  E 

OS 

O 

>> 

41 

01  01 

C-H 

cd 

-3 

Cd  r~v 

*r*  U 

o 

Cm  33 

4-1  3 

4-1 

hH 

-3 

O  CJ 

fH  03 

<4-4 

33 

01 

4  H 

M  cd 

cd 

c 

co  cd 

ai  oi 

H 

4-1 

hH 

•h  ;s 

>  X 

G 

O 

a 

33  4-r 

w  a 

I  u  < 
-J  C  w 


O'  44  u 
4-4  O. 

03  UJ  < 
•H  w 
CO 

HI  tl  H 
-3  *H  Cd 
41  r-H  CO 
C  03  O 
>«  3  Q. 
CO  O'  CO 


PS 

O 

rH 

r-t 

01 

PS 

l-i 

Q 

>> 

H 

41 

cd 

u  cd 

*H  *H 

W 

E 

01  41 

H 

a 

41 

*T3 

cn 

rH 

4) 

rH 

41  1-1 

4) 

00  T-t 

41 

cd 

c 

41  *H 

44 

3 

cd  oi 

44 

Cd  rH 

<41 

3 

cd 

44  U 

3 

00 

3  41 

cd 

c  cd 

cd 

Cd  CL 

H 

01 

cr  cd 

i-i 

Cd  3 

M 

C 

a 

u  < 

Q 

PS 

<  X 

a 

S  O' 

Q 

o 

33 

Q  w 

OS  rH  >,  CO  JO 

H  eu  cd  o  s 

co  *h  a) 

41  *T3  CO  44  4_| 

*W  H  Cd  -H  Cu 

cj  0)  o  M  01 

^  *H  *H  <]J  C/3 

Q  C4  CQ  >  w 


>%  I  C 
U  Q  -H 
O  4) 

•U  CO  CO 
flj  *H  U 
M  2  cj 
O  0) 

Ii4 

Cd  o  4-1 

hJ  w 

I  c 

J  O  rH 
H  H  fl 
u  u  a 

\  Cd  *H 
CS  c  30 

H  *h  O 

S  rH 

u  u  o 

CM  o  ^ 
sj  u  j 
h  ci  cd 
a  Q  cl 


co  S 

6  Cd  rH 

co  -tj  cd 

•iH  £3  *iH 
C  O  H 
cd  cj  ai 
50  u 
M  O  Cd 
O  iJ2 

/"N 

O  -dJ  T3  -u 
•H  CJ  Cl  (fl 
u  31  50  3 
Cd  O  "53  CO 
3  0  0  3 
or  x  m  < 
<  w  a  w 


u 

>N 

CO 

-a 

ai 

41 

>v 

a 

-Q 

•H 

01  4) 

rH 

cd 

6' 

3 

rH 

4)  -H 

cd 

01 

O 

cd 

Cd  rH 

CO 

c 

4) 

cd 

3 

J3  cd 

O 

o 

CL 

44 

O' 

O  3 

a 

*H 

01 

H 

cd  O 

CO 

41 

CO 

3 

44 

a) 

•H 

cd 

_ / 

CO 

44 

hJ  M 

a 

M 

u  ij  a 

4-»  01  H 

cd  -u  cd 

^  cd  2 

a  3  w 


i  a>  u 
J  U  QJ 
H  cd.  J2 
W  5  E 

T3  01 
u  C  -u 
4-i  3  a 
cd  o  o 

H  M  CO 

Q  O  v~ ' 


I  01  -u 
hi  a  c 
H  o  01 
w  e 
C  0) 
U  00  00 

44  -H  Cd 

cd  co  c 

U  O  S3 

a  a  z 


u  -a 

3  r-H 

AJ  o  O  ^ 

I  d  3  -H  H 

*—3  0)  rH  C4  01 

r-1  E  4-i  JO 

W  C  4_<  co  £ 

■H  LJ  J  U  0) 
iJ  Cd  *H  rH  41 

4h  41  Cd  rH  3  C, 

cd  c  oi  cd  cn  oi 

1-4  O  H  3  0)  CO 

Q  U  <  O'er;  ^ 


I  cd  ij 
►JO  01 
H  -H  X3 
U  CQ  6 
01 

u  U  «]  u 
44  c:  4J  co¬ 
ed  cd  co  oi 

U  H  01  CO 

a  o  h  4- 


co  cd  >, 

41  CO  iJ 

U  O  -H 

a  Q-  rH 
•4-i  03  cd 

44  -r4  3 

w  a  o' 


Cd  4) 

H  c  T3 

3  cd  c: 

E  3  cd 

3  -H 

u  E  T3  cn 
o  cd  d  4» 
cd  4i  cd  e 
O  c  rH  Cd 
— t  o  CL  rH 
CQ  (J  D  Oh 


'i 

f: 

'A 

/i 


"O 

G 

3 

C 


c 

o 

u 


w 

J 

CQ 

< 

H 


CO 

CO 

G 

*H 

•H 

3 

CO 

CO 

a* 

HI 

OJ 

OJ 

< 

•H 

-C 

■fi 

c 

HI 

H 

4-1 

3  ^ 

M3 

G 

C 

0 

£  -C 

00 

>% 

E  0 

ON 

CO  ^ 

CO 

co 

0  P 

H  P 
W  CL 


I 

J 

H 

W 


XJ  U  G 
O  3: 
qj  c  'w' 


OS  w 

£5 

4m 

w 

rH 

QJ 

Li 

H 

H 

1 

G 

3 

XJ 

HI 

rJ 

CO 

HI 

HI  p 

HI  P 

.  H 

0 

O 

4-1  O 

4m  O 

W 

a 

3 

g  a. 

G  O. 

co 

Li 

Li  QJ 

P  QJ 

OS 

*H 

HI 

a  os 

Q  OS 

H 

Q 

C/3 

I 

H  (U  0) 
G  hi  G 
^  G  > 
c  2  *w 

01  -u 
£  u  g 
C  G  C 
O  00^ 
U  Xf  <u 
•H  JMJ 
>  P  rH 
C  Q  < 
W 

I  4*  »-f 
J  O  (9 
N 

LU  C 

o 

OS 
H 


03 

O  M 

a  a) 

03  J3 
£ 
G 


eg  Q 

HI  3  XJ 
44  »H  rH  Q. 

oj  g  eg  g 
P  >  tO 
Q  U  M  v 


1 


>s 

03 

0) 


J  3  w 
H  C 
W  aj 


03 

o  u 

Nrt-H  (U 

oi  a  ca  xi 

H  D  S 

f-H  G 
u  T3  (0  u 
4J  rH  g  CL 
G  (J  *H  G 
P  -H  C  CO 

a  u.  <  w 


13 

rH  *H 
03  03 
*h  e 
Cm  *h 
I  C 
J  < 
e- 


M 
G 
>,  J3 


w  T3  03  e 
C  01  03 
■u  03  co  .u 
u-t  H  03  CL 
G  xj  O  G 
P  0)  -H  CO 
Q  5  03  ^ 


-O 

03 

I  rH 

J  G 


CO 


CxJ  -H 


CO 
0) 

C"M  -"—V 

^  g  p 
0S  <  >>  G 
“*  03-0 

13  co  £ 

hi  g  co  a) 
«-*  n3  03  a 
G  *H  O  G 
L  Q.  -H  Q 
Q  3  03  ^ 


J3 

03 

rJ  rH 

1  G 
J  £ 
H 

«  s 

OS 

H  13 
C 

hi  U 

4M  rH 
03  -U 
P  0)  ■ 

a  3  i 


P 

>>  03 
03  JD 
(0  £ 
CO  G 

03  a 
O  03 

h  a 


44 

4m 

O 

0 

O 

•H 

CO 

XJ  1 

QJ 

G 

G 

c 

G 

CO 

G  £ 

Li 

•O 

*H 

CO 

0 

•H 

rH 

3  0 

3 

*H 

rH 

•H 

G 

cr  cj 

-J 

XJ 

CO 

G 

XJ 

G 

£ 

< 

O 

G 

XJ 

£ 

G 

H 

■H 

G 

3 

rH 

c 

•r4 

rH 

G 

r* 

4M  O 

Lj 

3 

G 

G 

3 

G 

< 

O 

XJ 

£ 

G 

< 

£ 

C 

*H 

<••0 

I 

CO 

1  P  G 

G  G  P  o3 

u  Cl)  O  U  C 

C  3  H  oj  H  H 

OJ  SO  QJ 

£ 

3 
G 

o 
a 

i 

as  •*■■'  1  1  go 

^  ^  O  n  2  cl 


03 

*H 

P 

0J 


13 
QJ 
DO 

13  OJ  13  rH  13 

G  "J  OJ  03  O 

03  G  P  *H  ‘ 

G  a  p 
G  13  QJ 
O  -H  Q 


2  -G 
O 

Hi  P 
P  G 


O  G  rH 
•H  O  CL 
03  U  3 


3 

a 

a 

G 

o 

*H 

CQ 


•H  -O 

5  C 
G  G 

XJ  rH 
G  HI 
O  OJ 

o  3 


CO  G 
XJ  CO 


O  XJ 
G  CL  -H 
^  31  C 
4m  «H  3 
UJ  O  s 


G 

u 

13  G 
OJ  OJ 
DO  £ 
13  0J 
QJ  > 
P  O 

a  2 


G 

Li 

i-H 

0 

CL  4m 

G 

CO 

£ 

•H 

CL 

M 

G 

Li 

O 

rH 

G 

X3 

tea 

G 

HI 

CO 

a 

3 

•H 

OS 

G 

L4 

L» 

< 

<g 

a 

0 

CL 

2 

3: 

W 

>» 

c 

Li 

XJ 

O 

0 

O 

O 

XJ 

*H 

HI 

•H 

XJ 

G 

L4 

HI 

G 

rH 

HI 

3 

XJ 

3 

G 

CL 

G 

DO 

•H 

C 

G 

G 

Q 

M 

£ 

OS 

C 

G 

O 

•H 

*H 

rH 

G 

XJ 

G 

G 

G 

H 

JG 

U 

G 

Hi 

•H 

C 

G 

44 

G 

*H 

O 

C/3 

G 

£ 

> 

£  M3 

G 

G  DO 

H 

TJ 

p  i 

DO 

*H 

Dm  CM 

O 

G 

O  CO 

Li 

•H 

U  ON 

Om  ‘ 

Cm 

CL  rH 

145 


(Continued) 


“O 
4J  | 


•  C 

B  O 

<U 

— <  3  (J  —i 

T>  </)  Vj  .Tj 

3  O 

u  (D  JJ  -( 

(/)  3  u  c 

-C 

"3  -H  -H  <J 
O  i-H  M  <U 
w  -4  a  H 
0  3  0  « 

O  ^  T3  H 

H  <fl  Cl  C 

o  v*  a.  <tj  c 

cn  <u  <  u 

a.  oo 
d  «j  o  *h  o 

O  i**  <J  ^ 


8  *4 

w  6  4J 

U  4J 
U  O  H 
U  *H 

O  C  3 

O.  H  (S3 


146 


STUDIES  ON  ANALYTICAL  METHOD  OF  ACRYLAMIDE  MONOMER 
AND  ACCUMULATION  INTO  FISH 

Motoo  Fujiki,  Junko  Asada,  and  Takako  Shimizu 
Environmental  Medicine,  Institute  of  Community  Medicine, 
University  of  Tsukuba 


ABSTRACT 

Acrylamide  polymer  is  widely  used  as  a  coagulant  for 
the  treatment  of  industrial  wastewater,  domestic  sewage, 
sludge,  and  reclamation  and  dredging  effluent.  The  poly¬ 
mer  includes  0.012  of  acrylamide  monomer,  a  well  known 
neurotoxin. 

Data  concerning  the  biodegradability  and  bioaccumula— 
tion  of  acrylamide  monomer  are  scarce,  and  an  analytical 
method  for  measuring  acrylamide  monomer  accumulated  in 
fish  has  not  previously  been  available.  The  study  reported 
herein  investigated  the  behavior  of  acrylamide  monomer  in 
the  environment  and  a  method  for  analysis  of  acrylamide  In 
fish  is  described. 

Acrylamide  monomer  in  fish  was  analyzed  as  fo' lows. 

The  fish  was  homogenized,  and  the  pH  of  the  homogenate  was 
adjusted  to  1.  Potassium  bromide  and  potassium  brosate 
were  added  to  the  homogenate,  and  the  homogenate  was 
stored  in  the  refrigerator  (5*C)  for  30  minutes.  After 
bromlnation,  the  remaining  bromine  was  removed  by  the 
addition  of  sodium  thiosulfate;  the  homogenate  was  then 
centrifuged.  Dibromoprop ionamide  (DBPA)  in  the  supernatant 
was  extracted  with  ethyl  acetate  and  measured  by  GC-ECD. 

The  concentration  of  acrylamide  monomer  in  fish  was  calcu¬ 
lated  from  the  concentration  of  DBPA. 

Acrylamide  monomer  accumulation  in  carp  from  10  ppm 
in  solution  increased  rapidly  until  the  10th  day,  slowed 
from  the  10th  until  the  30th,  and  then  increased  rapidly 
again  from  the  30th  day  until  it  reached  7.65  ppm  on  the 
40th  day  of  exposure. 

No  accumulation  of  acrylamide  monomer  in  carp  from  a 
20  ppm  acrylamide  polymer  solution  was  detected  during  the 
experimental  period.  Acrvlamide  monomer  In  polymer  used 
for  coagulant  did  not  accumulate  In  the  fish. 
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INTRODUCTION 

Recent  advances  in  scientific  techniques  have  resulted  in  the  production 
of  a  large  number  of  chemicals  useful  for  improving  the  quality  of  human  life. 
However,  some  of  these  chemicals  have  contaminated  the  environment  during 
manufacture,  use,  and  disposal.  These  environmental  pollutants  can  cause 
serious  health  problems  for  man.  Therefore,  it  is  very  important  to  under¬ 
stand  the  movement  of  chemicals  in  the  environment. 

In  Japan,  the  Chemical  Substances  Control  Law  was  established  in  1973  and 
chemicals  are  regulated  as  follows.  New  chemicals  having  PCB-like  properties 
are  controlled  in  manufacture,  use,  disposal,  etc.,  as  a  Special  Chemical  Sub¬ 
stance.  On  the  other  hand,  those  defined  as  Existing  Chemicals  are  examined 
for  biodegradability,  bioaccumulation,  and  several  toxicities. 

The  Environmental  Agency  has  conducted  environmental  surveys  on  chemicals 
in  samples  of  riverwater,  seawater,  rainwater,  bottom  sedimencs,  and  fish. 
About  20,000  chemicals  are  on  the  list  of  Existing  Chemical  Substances  and 
about  1,000  of  these  are  produced  in  amounts  of  more  than  1,000  tons  per  year. 
It  is  impossible  to  examine  all  Existing  Chemicals  for  biodegradability, 
bioaccumulability ,  and  toxicity.  Therefore,  chemicals  having  properties  such 
as  persistance,  ready  bioaccumulability,  and  strong  toxicity  are  selected  from 
screening  tests  as  substances  to  be  surveyed  in  the  environment.  Many  prob¬ 
lems  remain.  It  is  often  the  case  that  only  some  of  the  chemicals  in  environ¬ 
mental  samples  can  be  analyzed  quantitatively. 

Acrylamide  polymer  is  widely  used  as  a  coagulant  for  treatment  of  indus¬ 
trial  wastewater,  domestic  sewage,  sludge,  and  reclamation  and  dredging  efflu¬ 
ent.  The  toxicity  of  acrylamide  polymer  is  slight,  but  the  acrylamide  monomer 
contained  in  the  polymer  is  neurotoxic  and  readily  water  soluble.  Any  use  of 
the  acrylamide  monomer  in  the  coagulant  invites  sev^ous  health  problems  for 
man.  Therefore,  it  is  important  to  understand  the  etfect  of  acrylamide  mono¬ 
mer  on  the  environment.  Figure  1  shows  the  structure  of  the  monomer  and  the 
polymer . 


The  toxicity  of  acrylamide  monomer  is  well  known  (1-15).  However,  few 
reports  exist  on  the  biodegradability  and  the  bioaccumulation  of  acrylamide 
monomer,  and  an  analytical  method  for  acrylamide  monomer  in  fish  tissue  has 
net  previously  been  reported.  In  order  to  clarify  the  behavior  of  acrylamide 
monomer  in  the  environment,  the  biodegradabilitv,  bioaccumulation,  and  an 
analytical  method  for  acrylamide  monomer  in  fish  were  investigated. 


CHfCH-C-NH2 


(-ch,-ch-)n 


C0NH- 


acrylamide  (monomer) 


polyacrylamide 

(polymer) 


Figure  1.  Structure  of  acrylamide  monomer  and  polymer 
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ANALYTICAL  METHOD  FOR  ACRVT AMIDE  MONOMER  IN  FISH  TISSUE 


Several  reports  discuss  the  analysis  of  acrylamide  monomer  in  water. 
Methods  using  gas  chromatography  with  flame  thermionic  detection  (16)  are  not 
sufficiently  sensitive  for  quantitation  of  acrylamide  monomer  at  the  parts- 
per-billion  level  in  water.  Croll  and  Simkins  (17),  Arimitsu  (18),  and 
Nakamura  (19)  reported  new  analytical  methods  for  acrylamide  monomer  in  water; 
these  are  discussed  below.  The  monomer  in  water  was  brominated,  extracted 
with  organic  solvent,  and  measured  by  gas  chromatograph  with  electron  capture 
deteccor.  The  sensitivity  of  these  methods  is  sufficient  for  analysis  of 
water  contamination  at  the  par ts-per-billion  level  by  acrylamide  monomer. 
However,  these  methods  could  not  be  applied  to  measurement  of  acrylamide  mono¬ 
mer  in  fish.  In  order  to  investigate  the  accumulation  of  acrylamide  monomer 
in  fish,  an  analytical  method  was  developed. 

Experimental  Method 

Packing  of  the  Gas  Chromatograph  Columns 

The  suitability  of  several  column  packings  was  evaluated  by  using  an 
ethyl  acetate  solution  of  2 , 3-dibromopropionamide  (DBPA) ,  which  was  synthe¬ 
sized  from  acrylamide  by  bromination  (Figure  2).  Column  packing  materials 
including  Porapak-i)  (30-80  mesh),  Unipack-IA  (60-80  mesh),  Amipack  124  (80-100 
mesh).  Diethylene  glycol  succinate  (25%,  support:  chromosorb  W,  60-80 
mesh)  (DECS),  Butane  1 ,4-diol  succinate  (15%,  support:  Chromosorb  W,  80-100 
mesh)  (1,4-BDS),  Silicone  0V  225  (2%,  support:  Chromosorb  W,  80-100  mesh) 
(OV-225) ,  and  Silicone  0V-275  (2%,  support:  Chromosorb  W,  80-100  mesh) 

(OV  275)  were  packed  in  1-m-long  glass  columns  and  were  tested  on  the  gas 
chromatograph  with  electron  capture  detector  (Shimadzu  GC-7A).  Each  test  was 
carried  out  with  the  column  and  detector  temperature,  rate  of  carrier  gas 
flow,  and  range  and  attenuation  of  detector  set  at  optimum  conditions. 

Bromination  of  Acrylamide  Monomer 

Fifty  micrograms  of  acrylamide  monomer  was  dissolved  in  50  ml  of  dis¬ 
tilled  water  and  the  solution  was  adjusted  to  pH  1  by  the  addition  of  6  N 
sulfuric  acid.  Two,  5,  10,  15,  or  20  g  of  potassium  bromide  was  added  to  the 
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Figure  2.  Bromination  of  acrylamide  monomer 
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solutions  and  stirred  until  the  potassium  bromide  dissolved  completely;  then 
10  ml  of  0.1  M  potassium  bromate  was  added  and  the  solutions  were  transferred 
immediately  to  the  refrigerator  (5°C)  where  bromination  proceeded  for 
30  minutes.  After  bromination,  bromine  remaining  was  removed  by  addition  of 
1  M  sodium  thiosulfate  solution.  The  solution  was  transferred  to  a  separatory 
funnel  containing  50  ml  of  ethyl  acetate  and  was  extracted  for  15  minutes. 

The  concentration  of  DBPA  in  the  ethyl  acetate  layer  was  measured  by  gas 
chromatograph.  From  results  of  the  measurement,  the  recovery  of  acrylamide 
was  determined,  and  the  optimum  quantity  of  potassium  bromide  was  selected. 

The  optimum  volume  of  potassium  bromate  and  the  optimum  time  required  for 
complete  bromination  can  also  be  determined  by  following  the  experiment  des¬ 
cribed  previously. 

Extraction  Method  From  Fish 

Extraction  method  a.  One  milligram  of  acrylamide  monomer  was  added  into 
10  grams  of  fish  homogenate,  and  the  volume  of  the  homogenate  was  adjusted  to 
50  ml  by  addition  of  distilled  water.  The  pH  of  the  homogenate  was  adjusted 
to  pH  1  by  the  addition  of  6  N  sulfuric  acid.  Fifteen  grams  of  potassium 
bromide  was  added  to  the  homogenate  and  the  homogenate  was  stirred  until  the 
potassium  bromide  dissolved  completely;  then  10  ml  of  0.1  M  potassium  bromate 
was  added  and  the  homogenate  was  transferred  immediately  to  the  refrigerator 
(5°C)  where  it  was  stored  for  30  minutes.  After  bromination,  bromine  remaining 
in  the  homogenate  was  removed  by  the  addition  of  1  M  sodium  thiosulfate 
solution.  The  homogenate  was  then  centrifuged  for  2  minutes  at  3000  rpm  at 
5°C,  supernatant  was  transferred  to  a  separatory  funnel,  50  ml  of  ethyl 
acetate  was  added  to  the  supernatant,  and  the  separatory  funnel  was  shaken 
for  15  minutes.  The  ethyl  acetate  layer  was  then  separated  from  the  water 
layer.  The  concentration  of  DBPA  <n  the  ethyl  acetate  layer  was  measured  by 
gas  chromatograph. 

Extraction  method  b.  If  a  peak  of  DBPA  on  the  gas  chromatogram  was 
interrupted  by  other  peaks,  the  following  procedure  was  followed.  The  super¬ 
natant  was  transferred  to  a  separatory  funnel,  50  ml  of  benzene  was  added  to 
the  supernatant,  and  the  separatory  funnel  was  shaken  for  15  minutes.  The 
benzene  layer  was  then  separated  from  the  water  layer.  The  benzene  layer  was 
transferred  to  another  separatory  funnel,  50  ml  of  distilled  water  was  added 
to  the  benzene  layer,  and  the  separatory  funnel  was  shaken  for  15  minutes. 

The  water  layer  was  then  separated  from  the  benzene  layer.  The  water  layer 
was  transferred  to  another  separatory  funnel,  50  ml  of  ethyl  acetate  was  added 
to  the  water  laver,  and  the  separatory  funnel  was  shaken  for  15  minutes.  The 
concentration  of  DBPA  in  the  ethyl  acetate  layer  was  measured  by  gas 
chromatograph . 

Result^ 

Packing  of  Cas  Chromatograph 

i’orjpjk-O  and  Cnipak-IA  were  not  usable  for  quantitation  of  DBPA. 
Chromatograms  of  other  packings  are  shown  in  Figure  3.  Tn  the  case  of  DECS 
and  l.i-BDS  (figures  5a  and  3b),  the  DBPA  peak  was  sharp,  the  separation  was 
good,  and  the  retention  time  was  suitable  for  quantitative  analysis.  However, 
tiie  deterioration  of  packing  activity  was  rapid  and  the  deterioration  was 
accelerated  by  using  ethyl  acetate,  and  a  sharp  peak  could  not  be  obtained 
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Figure  3.  Chromatogram  of  DBPA,  0.1  pg/ml  (Continued) 
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Figure  3-  (Concluded) 

after  repeated  injections.  In  the  case  of  Amipack  124  (Figure  3c),  a  DBPA 
peak  as  well  as  other  peaks  appeared  after  injection  of  DBPA  ethyl  acetate 
solution  and  the  separation  was  inferior.  In  the  case  of  OV-225  (Figure  3d), 
the  retention  time  was  too  short  and  the  tailing  of  the  peak  was  marked  and 
accelerated  with  repeated  injections.  In  the  case  of  OV-275  (Figure  3e), 
the  peak  of  DBPA  was  sharp,  the  separation  was  satisfactory,  and  the  retention 
time  was  suitable  for  the  quantitative  analysis.  The  peak  stayed  sharp  even 
after  100  injections. 

Bromination  of  Acrylamide 

The  relationship  between  added  volume  of  potassium  bromide  (KBr)  and  the 
recovery  of  acrylamide  (DBPA)  is  shown  in  Figure  4.  The  recovery  increased 
with  the  increased  volume  of  potassium  bromide  until  10  grams,  then  showed  a 
constant  value  after  10  grams.  From  the  results,  the  volume  of  potassium 
bromide  was  selected  as  15  grams.  The  relationship  between  added  volume  of 
potassium  bromate  (KBr03)  solution  and  the  recovery  of  acrylamide  is  shown  in 
Figure  5.  In  spite  of  the  increased  volume  of  potassium  bromate  solution,  the 
recovery  of  acrylamide  remained  almost  constant.  From  the  results,  the  volume 
of  potassium  bromate  solution  was  selected  as  10  ml. 

The  relationship  between  reaction  time  of  bromination  and  the  recovery 
of  acrylamide  is  shown  in  Figure  6.  The  recovery  increased  with  reaction  time 
up  to  20  minutes,  but  remained  constant  thereafter.  Each  accuracy  of  experi¬ 
ment  on  additional  volume  of  KBr  and  KBr03>  of  experiment  on  reaction  time 
was  less  than  1.5%  as  coefficient  of  variation  respectively.  From  the 
results,  the  reaction  time  of  bromination  was  selected  as  30  minutes. 


Rate  of  Recovery  (*/«>) 


Figure  6.  Relation  between  reaction 
time  and  recovery  of  D3PA 


Extraction  Method  for  Fish 


The  chromatogram  of  the  test  solution  prepared  by  extraction  method  a  is 
shown  in  Figures  7  and  8.  The  sharp  peak  was  obtained  from  the  test  solution 
of  the  experimental  group,  but  the  test  solution  of  the  control  group  did  not 
show  a  corresponding  peak.  The  mean  rate  of  recovery  for  20  pg/ml  acrylamide 
added  to  the  fish  homogenate  was  82.0%  and  coefficient  of  variation  was  1.72% 
(Table  1).  The  test  solution  of  the  killifish  control  group,  which  was  pre¬ 
pared  by  extraction  method  a,  showed  a  peak  at  the  same  retention  time  as 
DBPA  (Figure  9).  In  the  case  of  killifish,  the  test  solution  of  the  control 
group  prepared  by  extraction  method  b  did  not  show  a  corresponding  peak  at 
the  same  retention  time  as  DBPA  (Figure  10) .  The  mean  rate  of  recovery  of 
10  ug/ral  acrylamide  added  to  the  fish  homogenate  was  12.06%  and  coefficient 
of  variation  was  7.56%  (Table  2). 
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Table  1.  Race  of  recovery  of  20  yg/ml  acrylamide 
monomer  added  to  homogenate  of  fish  meat 
(Extraction:  ethyl  acetate) 


Rate  of  recovery  (%) 

83.4 

81.1 

83.4 

80.2 

81.9 

Mean 

82.0 

Standard  deviation 

1.41 

Coefficient  of  variation 

1.72 

Table  2.  Rate  of 
monomer  added 
(Extraction: 

recovery  of  10  ug/ral  acrylamide 
to  homogenate  of  fish  meat 
benzen-water-ethyl  acetate) 

Rate  of  recovery 

(%) 

12.96 

12.13 

12.95 

11.19 

11.07 

Mean 

12.06 

Standard  deviation 

0.91 

Coefficient  of  variation 

7.56 

ACCUMULA  l  ion  of  acrylamide  in  fish 

Experimental  Method 

Stability  Test  of  Aery 1  ruiide  Monomer  in  Water 

It  is  well  known  chat  the  acrylamide  monomer  is  unstable,  polymerizes 
readily,  and  is  readily  biodegradable.  To  determine  whether  or  not  the  con¬ 
centration  of  acrylamide  in  water  to  be  used  to  raise  fish  will  decrease 
stability  of  the  acrylamide  in  water  must  be  tested  for  24  hours  before  start 
of  the  experiment. 
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Figure  9.  Chromatogram  Figure  10.  Chromatogram  of 

of  acrylamide  in  sea  acrylamide  in  sea  bream, 

bream.  Extraction:  Extraction:  benzen-water- 

ethyl  acetate  ethyl  acetate 


Accumulation  of  Acrylamide  Monomer  in  Carp  iCyprirtua  carpi j) 

Forty  liters  of  distilled  water  was  poured  into  each  of  four  40-/  fish¬ 
rearing  tanks  (A,  B,  C,  and  D).  Forty  milligrams  of  acrylamide  monomer  was 
added  to  tank  A  (1  ppm),  and  400  mg  of  acrylamide  mono.ar  was  added  to  tank  B 
(10  ppm).  Tanks  C  and  D  were  used  as  controls.  Forty  carp  were  put  into  each 
tank  and  held  for  20  days  (tank  A)  or  40  days  (tanks  B,  C,  and  D)  without 
feeding.  Aeration  (600  ml/min)  was  maintained  during  the  experiment.  Rearing 
water  was  replaced  with  fresh  water  containing  acrylamide  avery  day.  Water 
temperature  was  maintained  at  20-22°C  during  the  experiment.  Body  length  and 
weight  of  carp  were  6.0-20.8  cm  and  3.0-35.0  g,  respectively.  Five  to  ten 
fish  were  removed  from  tank  A  at  days  1,  5,  10,  15,  and  20;  tank  B  at  day  1, 

10,  20,  30,  and  40;  and  tanks  C  and  D  at  days  1,  5,  10,  15,  20,  30,  and  40. 
These  fish  were  homogenized  and  the  concentration  of  acrylamide  in  the  homoge¬ 
nate  was  measured  by  analytical  method  a  (described  later  in  this  paper). 

Accumulation  of  Acrylamide  Monomer  in  Killifish  ( Oryzias  latipes) 

Ter.  liters  of  artificial  seawater  was  poured  into  each  of  three  10-/ 
fish-rearing  tanks  (E,  F,  and  G).  Ten  milligrams  of  acrylamide  monomer  was 
added  to  tank  E  (1  ppm),  and  100  mg  of  acrylamide  monomer  was  added  to  tank  F 
(10  ppm).  Tank  G  was  used  as  a  control.  Five  hundred  killifish  were  put 
into  each  tank  and  held  for  20  days  without  feeding.  Aeration  (600  ml/min) 
was  maintained  during  the  experiment.  Rearing  water  was  replaced  with  fresh 
water  containing  acrylamide  every  day.  Water  temperature  was  maintained  at 
20-22 aC  during  the  experiment.  Body  length  and  weight  of  killifish  were  2.3- 
3.3  cm  and  0.20-0.25  g,  respectively.  Sixty  killifish  were  removed  from  each 
tank  at  days  1,  5,  10,  15,  and  20.  These  fish  were  homogenized  and  the  concen¬ 
tration  of  acrylamide  in  the  homogenate  was  measured  by  analytical  method  b 
(also  described  later  in  this  paper). 

Accumulation  of  Acrylamide  Monomer  Contained  in  Polymer  in  Carp 

Forty  liters  of  distilled  water  was  poured  into  each  of  four  40-/  fish¬ 
rearing  tanks  (H,  H' ,  I,  and  I')-  Eight  hundred  milligrams  of  acrylamide 
polymer  was  added  to  tanks  H  and  H'  (20  ppm);  tanks  I  and  I’  were  used  as 
controls.  Forty  carp  were  put  into  each  tank  and  held  for  60  days  without 
feeding.  Aeration  (600  ml/min)  was  maintained  during  the  experiment. 

Rearing  water  was  replaced  with  fresh  water  containing  acrylamide  polymer 
every  day.  Water  temperature  was  maintained  at  20-22°C  during  the  experi¬ 
ment.  Body  length  and  weight  of  carp  were  6.0-21.0  cm  and  5.0-4Q.0  g, 
respectively.  Five  fish  were  removed  from  each  tank  at  days  1,  10,  20,  30, 

40,  50,  and  60.  These  fish  were  homogenized  and  the  concentration  of 
acrylamide  monomer  in  the  homogenate  was  measured  by  analytical  method  a. 

Accumulation  of  Acrylamide  Monomer  Contained  in  Polymer  in  Killifish 

Ten  liters  of  artificial  seawater  was  poured  into  each  of  two  10-/  fish¬ 
rearing  tanks  (J  and  K) .  Eight  hundred  milligrams  of  acrylamide  polymer  was 
added  to  tank  J  (20  ppm);  tank  K  was  used  as  a  control.  Five  hundred  killi¬ 
fish  were  put  into  each  tank  and  held  for  60  days  without  feeding.  Aeration 
(600  ml/min)  was  maintained  during  the  experiment.  Rearing  water  was  replaced 
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with  fresh  water  containing  acrylamide  polymer  every  day.  Water  temperature 
was  maintained  at  20-22°C  during  the  experiment.  Body  length  and  weight  of 
killifish  were  2. 0-3.0  cm  and  0.20-0.30  g,  respectively.  Sixty  killifish 
were  removed  from  each  tank  at  days  1,  10,  20,  30,  40,  50,  and  60.  These  fish 
were  homogenized  and  the  concentration  of  acrylamide  monomer  in  the  homogenate 
was  measured  by  analytical  method  b. 


A  1-2  cm  section  of 
of  distilled  water 
the  mixture  was 
usted  to  50  ml  by 


Analytical  Method  a 

Acrylamide  monomer  in  carp  was  analyzed  as  follows, 
the  fish  was  placed  in  the  cup  of  a  homogenizer,  an  amount 
equivalent  to  the  weight  of  the  fish  sample  was  added,  and 
homogenized.  The  homogenate  was  weighed  and  the  volume  adji 
the  addition  of  distilled  water;  pH  of  the  homogenate  was  adjusted  to  pH  1  by 
the  addition  of  6  N  sulfuric  acid.  Fifteen  grams  of  potassium  bromide  was 
added  to  the  homogenate  and  the  homogenate  was  stirred  until  the  potassium 
bromide  dissolved  completely;  then  10  ml  of  0.1  M  potassiuni  bromate  was  added 
and  the  homogenate  was  transferred  to  the  refrigerator  (5°0)  immediately  and 
held  for  30  minutes.  After  bromination,  bromine  remaining  iin  the  homogenate 
was  removed  by  the  addition  of  1  M  sodium  thiosulfate  solution.  The  homoge¬ 
nate  was  then  centrifuged  for  2  minutes  at  3000  rpm  and  5°C,  supernatant  was 
transferred  to  a  separatory  funnel,  50  ml  of  ethyl  acetate  was  added  to  the 
supernatant,  and  the  separatory  funnel  was  shaken  for  15  minutes.  The  ethyl 
acetate  layer  was  then  separated  from  the  water  layer.  The!  concentration  of 
DBPA  in  the  ethyl  acetate  layer  was  measured  by  gas  chromatograph  and  the  con¬ 
centration  of  acrylamide  monomer  in  fish  was  calculated  from  the  concentration 
of  DBPA. 


Analytical  Method  b 

Acrylamide  monomer  in  killifish  was  analyzed  as  follows.  Killifish  were 
placed  in  a  homogenizer  cup,  an  amount  of  distilled  water  equivalent  to  the 
weight  of  the  fish  was  added,  and  the  mixture  was  homogenized.  The  homogenate 
was  weighed  and  the  volume  adjusted  to  50  ml  by  the  addition  of  distilled 
water;  pH  of  the  homogenate  was  adjusted  to  pH  1  by  the  addition  of  6  N  sul¬ 
furic  acid.  Fifteen  grams  of  potassium  bromide  was  added  and  the  homogenate 
was  stirred  until  the  potassium  bromide  dissolved  completely;  then  10  ml  of 
0.1  M  potassium  bromate  was  added  and  the  homogenate  was  placed  in  the  refrig¬ 
erator  (5°C)  immediately  where  it  was  held  for  30  minutes.  \ After  bromination, 
the  \aining  bromine  was  removed  by  the  addition  of  1  M  sodium  thiosulfate 
solution.  The  homogenate  was  then  centrifuged  for  2  minutes  at  3000  rpm  and 
5°C,  supernatant  was  transferred  to  a  separatory  funnel,  50 [ ml  of  benzene,  was 
added  to  the  supernatant,  and  the  separatory  funnel  was  shaken  for  15  minutes. 
The  benzene  layer  was  then  separated  from  the  water  layer.  The  benzene  layer 
was  transferred  to  another  separatory  funnel,  50  ml  of  distilled  water  was 
added  to  the  benzene  layer,  and  the  separatory  funnel  was  shaken  for  15  min¬ 
utes.  The  water  layer  was  then  separated  from  the  benzene  layer.  The  water 
layer  was  transferred  to  another  separatory' funnel,  50  ml  of  ethyl  acetate  was 
added  to  the  water  layer,  and  the  separatory  funnel  was  shaken  for  15  minutes. 
The  ethyl  acetate  layer  was  then  separated  from  the  water  layer.  The  concen¬ 
tration  of  DBPA  in  the  ethyl  acetate  layer  was  measured  by  gas  chromatograph 
and  the  concentration  of  acrylamide  monomer  in  fish  was  calculated  from  the 
concentration  of  DBPA. 
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Gas  Chromatography  Conditions 


A  gas  chromatograph  with  electron  capture  detector  (Shimadzu  GC-7A)  and  a 
glass  column  (length:  1  m,  diameter:  3  mm)  packed  with  Silicone  OV-275  (27., 
support:  Chromosorb  W.  80-100  mesh)  were  used.  Column  and  detector  tempera¬ 
tures  were  175°C  and  190°C,  respectively.  Carrier  gas  was  nitrogen  and  the 
rate  was  35  ml/min. 


RESULTS 

Acrylamide  monomer  in  rearing  water  was  stable  for  24  hours.  The  time 
course  of  accumulation  of  acrylamide  monomer  in  carp  and  killifish  from  water 
at  various  concentrations  is  shown  in  Figures  11-16. 

The  accumulation  in  carp  from  water  containing  1  ppm  acrylamide  monomer 
advanced  slowly  until  day  10  and  then  increased  rapidly  until  it  reached 
0.26  ppm  on  day  20  (Figure  11). 

The  accumulation  in  carp  from  water  containing  10  ppm  acrylamide  monomer 
increased  rapidly  until  day  10,  slowly  increased  until  day  30,  and  then 
increased  rapidly  again  until  it  reached  7.65  ppm  on  day  40  (Figure  12). 

,  The  accumulation  in  killifish  from  water  containing  1  ppm  acrylamide  mono¬ 
mer  increased  slowly  until  day  10,  and  then  increased  rapidly  until  it  reached 
0.31  ppm  on  day  20  (Figure  13). 

The  accumulation  in  killifish  from  water  containing  10  ppm  acrylamide 
monomer  advanced  rapidly  until  day  15  and  then  slowly  after  day  15  until 
it  reached  25.3  ppm  on  day  20.  The  accumulation  of  acrylamide  monomer  in 
carp,  killifish,  and  sea  bream  from  water  containing  20  ppm  acrylamide  polymer 
was  nondetectable  during  this  experimental  period  (Tables  3-5). 

DISCUSSION 

Environmental  pollution  by  DDT,  PCB,  methyl  mercury,  etc. ,  causes  serious 
problems  due  to  strong  toxicity  of  the  pollutants  and  the  rapid  rate  of  bio¬ 
accumulation.  It  is  important  to  understand  the  behavior  of  chemicals  in  the 
environment.  In  order  to  clarify  the  behavior  of  the  acrylamide  monomer  in 
the  environment,  the  bioaccumulation  of  acrylamide  monomer  in  fish  was  inves¬ 
tigated.  At  the  parts  per  million  level,  acrylamide  monomer  in  water  or  alco¬ 
hol  solution  can  be  measured  directly  using  a  gas  chromatograph  uith  flame 
thermionic  detector  (16),  bui.  acrylamide  at  parts  per  billion  level  concentra¬ 
tions  cannot  be  detected.  To  attain  the  sensitivity  required,  an  analytical 
method  using  electron  capture  detection  was  developed  (17-19).  However,  prob¬ 
lems  involving  selection  of  column  packings  and  the  technique  of  bromination 
had  not  been  resolved  and  an  extraction  method  for  acrylamide  in  fish  did  not 
exist.  Because  of  this,  we  began  a  study  of  the  subject  and  successful  results 
were  obtained.  The  most  important  problem  of  gas  chromatographic  analysis 
involved  selection  of  the  column  packing.  Selection  of  column  packing  affects 
separation,  accuracy,  and  sensitivity.  Nakamura  (19)  investigated  five  differ¬ 
ent  packings  and  reported  that  ethylene  glycol  succinate  (EGS)  had  fine  sensi¬ 
tivity  and  resolution.  However,  the  deterioration  of  packing  activity  of  EGS 
(and  DECS  and  1,4-BDS)  was  rapid  and  was  accelerated  by  the  injection  of 
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Tim?  (days) 


emulation  of  acrylamide*  lit  carp, 
r/lamldt*  monomer  solution 


Table  3.  Accumulation  of  acrylamide  in  carp 
20  ppm  acrylamide  polymer  solution 


Time  of  accumulation,  day 

0 

10 

20 

30 

40 

30 

60 

Concentration  of  acrylamide 
monomer,  ag/g 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  4.  Accumulation  of  acrylamide  in  killifish, 
20  ppm  acrylamide  polymer  solution 


I i me  of  accumulation,  day 

0 

10 

20 

30 

A0 

50 

60 

Concentration  of  aervlamide 

0.00 

0.00 

0 . 00 

0.00 

0.00 

0.00 

0.00 

monomer,  ..  g/g 


P 


'able  3 .  Accumulation  of  aervlamide  in  sea  bream, 
20  ;>!>"•  acrylamide  polvmor  solution 


< 

•  i me  a  accumulat  in’',  lav 

0 

3 

10 

15 

20 

2  5 

1  ii'cenlra:  :  ■  >n  acr  iari.le 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

To  ire  r  .■ 


ethyl  acetate.  Using  OV-275,  the  DBPA  peak  was  sharp,  separation  was 
satisfactory,  and  retention  time  was  suitable  for  quantitative  analysis  The 
OV-275  also  had  fine  sensitivity  and  superior  accuracy.  Therefore,  OV-275  was 
considered  applicable  to  the  quantitative  analysis  of  acrylamide  in  fish. 

In  the  bromination  procedure,  acrylamide  reacts  with  potassium  bromide 
and  potassium  bromate  in  the  presence  of  hydrochloric  acid.  According  to 
Croll  and  Simkins  (17)  acrylamide  also  reacts  with  bromine  under  ultia  violet 
irradiation.  The  recovery  after  bromination  (about  60%)  decreased  by 
inhibitors  in  the  reaction  mixture.  Nakamura  (19)  reported  that  acrylamide 
reacted  with  potassium  bromide  and  potassium  bromate  in  the  presence  of  sul¬ 
furic  acid.  Recovery  by  this  meth< d  was  improved  and  inhibition  by  anions  was 
reduced . 

in  this  study,  procedures  for  bcomination  of  acrylamide  were  investi¬ 
gated.  In  the  case  of  bromination  of  acrylamide  in  fish  samples,  acrylamide 
must  be  isolated  from  organic  substances.  We  obtained  successful  results  by 
t lie  following  procedure.  First,  the  fish  homogenate  was  adjusted  to  pH  1  by 
the  addition  of  sulfuric  acid;  potassium  bromide  and  potassium  bromate  were 
added  to  the  homogenate  before  centrifugation;  after  bromination,  the  homoge¬ 
nate  was  centrifuged  and  the  DBPA  was  extracted  with  organic  solvent.  The 
recovery  of  acrylamide  from  fish  by  this  method  was  the  same  as  the  recovery 
f  rom  wa ter. 

! he  rate  of  accumulat;  a  of  acrylamide  r.onomer  in  fish  was  far  slower 
than  tiie  accumulation  <  f  methyl  mercury  or  PCB,  in  spite  of  the  use  of  a  high 
concentration  of  acrylamide  such  as  1  or  10  ppm  in  rearing  water.  In  the 
1  ppm  solution,  the  accumulation  of  acrylamide  monomer  advanced  slowly  until 
day  10  and  then  increased  rapidly.  It  appears  that  the  intake  of  acrylamide 
monomer  is  suppressed  in  the  early  days  by  some  action,  and  then  the  suppres¬ 
sion  subsides  and  tiie  intake  increases.  In  the  10  ppm  solution,  the  accumula¬ 
tion  of  acrvlamide  monomer  advanced  rapidly  until  day  10  and  then  slowly  from 
day  10  until  day  50.  The  concentration  increased  rapidly  again  from  day  30. 

ITie  suppression  in  the  early  days  does  not  show  up  and  the  intake  of  acryla¬ 
mide  monomer  increases  rapidly,  and  the  more  the  intake  increases,  the  more 
the  excretion  increases,  so  that  the  accumulation  remains  constant 

I'iie  accumulat  i  on  of  acrvlamide  monomer  in  fish  from  the  polymer  /as  non- 
detectable.  Hie  concentration  of  acrylamide  monomer  in  polymer  is  approxi¬ 
mately  0.01  ami  usually  1-10  ppm  of  polymer  is  used  as  a  coagulant;  therefore, 
the  polyrser-jssoc iated  concentration  of  acrylamide  monomer  is  approximately 
0.1-1  pph.  It  mjv  be  that  at  such  low  concentrations  acrylamide  monomer  is 
metabolized  as  rap  id lv  by  fish  that  accumulation  does  not  occur. 

CONCLUSIONS 

\:i  .in  il-'t  ical  method  for  determination  of  acrylamide  monomer  in  fish  was 
.my’  -at'-d.  In.'  rate  of  accumulation  of  acrylamide  monomer  in  fish  was  slow 
and  ri-uc’od  about  0.8  times  rite  concentration  in  the  rearing  water  (10  ppm)  at 
!a'  .a.  .be  accumulation  of  acrylamide  monomer  in  fish  from  polymer  was 

ietectable.  i  here  fore,  it  is  concluded  that  the  use  of  acrvlamide  polymer 
a  -  a  ce.i  'ul.ant  n,r  not  cause  serious  problems  for  human  health. 


< 


REFERENCES 


r 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

'll) 

r  !_’  > 

ill) 


Peter,  S.  S. ,  aid  Herbert,  H.  S.:  A  review  of  acrylamide  neurotoxicity. 
Part  I-  Properties,  uses  and  human  exposure.  Canad.  J.  Neurol.  Sci., 
1:143-150  (1974b. 

Peter,  S.  S. ,  and  Herbert,  H.  S. :  A  review  of  acrylamide  neurotoxicity, 
Part  II.  Experimental  animal  neurotoxicity  and  pathologic  mechanisms. 
Canad.  J.  Neurol.  Sci.,  1:152-169  (1974). 

Pamela,  M.  F. :  Electrophysiological  and  histological  observation  on 
peripheral  nerve  in  acrylamide  poisoning  in  man.  J.  Neurol.  Neurosurg. 
Pschiat . ,  32:18^-192  (1969). 

Herbert,  H.  S. ,  Henryk,  M.  W. ,  and  Peter,  S.  S.:  Ultrastructural  studies 
on  th_  dying-back  process,  I.  Peripheral  nerve  terminal  and  axon  degen¬ 
eration  in  systemic  acrylamide  intoxication.  J.  Neuropathol.  Exp. 
Neurol.,  33:26o|284  (1974). 

Richard,  J.  L. ,  and  William,  E.  R. :  Physiologic  and  pathologic  changes 
in  acrylamide  neuropathy.  Arch.  Environ.  Health.,  18:22-29  (1969). 

Prineas,  .1.:  The  pathogenesis  of  dying-back  polyneuropathies,  II.  An 
ultrastructural  study  of  experimental  acrylamide  intoxication  in  the  cat. 
J.  Neuropath,  E:p .  Neurol.,  28:598-621  (1969). 

Pamela,  M.  F.,  and  Baners,  .1.  M.  :  Peripher;.  ..neuropathy  in  rats  produced 
by  acrylamide.  Br.  .1.  Tnd.  Med.,  2'  ’i’-  j  I  (1966). 

iilson,  H.  A.,  end  Cabe,  P.  A.:  lhe  effects  f  acrylamide  given  acutely 
or  in  repeated  doses  on  fore-  and  hindlinh  :  ...,vtion  of  rats.  Toxicol. 
Appl.  Pharmacol.,  47:253-260  (1979). 

lennekens,  F.  (I.  I.,  Veldman,  H. ,  Schotman,  P. ,  and  Gispen,  W.  :  Sequence 
of  motor  nerve  terminal  involvement  in  acrylamide  neuropathy.  Acta. 
Neuropathol.,  46:57-63  (1979). 

Hopkins,  A.  P. ,  land  Gitliatt,  R.  W. :  Motor  and  sensory  nerve  conduction 
velocity  in  the  baboon : normal  values  and  changes  during  acrylamide  neuro¬ 
path;.'.  .1.  Neural.  Neurosurg.  Psychiat.,  34:415-426  (1971). 

I 

Hopkins,  A.  P. ,  jand  Humbert,  K.  H. :  Conduction  in  unmyelinated  fibers  in 
experimental  neuropathy.  !.  Neurol.  Neurosurg.  Psychiat.,  35:163-169 
(197!). 

I 

Albert.  S.  K.:  [Effects  of  acrylamide  on  the  central  nervous  system  of 
.the  cat.  .  Pharmacol .  Exp.  Iherap.,  12  3:180-192  (1958) . 

Richard,  I).  H.  ,  tv;-',  Vvas,  Herbert,  K.  I..,  and  Thomas,  M.  A.:  The 
•  ■  t  i  o  1 .  < v  of  toxijc  peripheral  neuropatli  i  es  :  in  vitro  effects  of  acryla¬ 
mide  and  2 , 5-he'2a:ted  i  one  in  brain  enolase  and  other  glycolvt  ic  enzymes, 
Bruin  Research,  |2'<2:  1  31-1  *2  (1980) . 


165 


(14)  Asbury,  A.  K. ,  Cox,  S.  C.,  and  Kanada,  D.:  H-leucine  incorporation  in 

acrylamide  neuropathy  in  the  mouse.  Neurology,  23:406  (1973). 

(15)  Peter,  S.,  Lucy,  G.,  Frans,  G.  I.  J.,  and  Willem,  H.  G.:  Polyneuro¬ 
pathies  and  CNS  protein  metabolism.  III.  Changes  in  protein  synthesis 
rate  induced  by  acrylamide  intoxication.  J.  Neuropathol.  Exp.  Neurol., 
37:820-837  (1978). 

(16)  Croll,  B.  T. :  The  determination  of  acrylamide  in  polyelectrolytes  by 
extraction  and  gaschromatographic  analysis.  Analyst,  96:67-77  (1971). 

(17)  Croll,  B.  T. ,  and  Simkins,  G.  M. :  The  determination  of  acrylamide  in 

water  by  using  electron  capture  gaschromatography .  Analyst,  97:281-288 
(1972).  • 

(j.8)  Arimitsu,  H. :  Estimation  method  of  microacrylamide  in  water.  Journal  of 
Japan  Water  Works  Association,  473:10-17  (1974). 

(19)  Nakamura,  H. :  The  determination  of  trace  acrylamide  in  water  and  sludge. 
Journal  of  Japan  Water  Works  Association,  514:37-40  (1977). 


SPECIFICATIONS  OF  A  MODEL  OCEAN  DISPOSAL  SITE 
FOR  DREDGED  MATERIAL 


W.  E.  Pequegnat 
TerEco  Corporation 
P.  0.  8ox  2848 

College  Station,  Texas  77841 
U.S.A. 


ABSTRACT 


When  dredged  material  is  disposed  at  a  designated 
ocean  site,  it  is  planned  that  the  bulk  of  it  will 
remain  within  the  site  boundaries  for  substantial 
periods  of  time.  But,  as  is  well  known, waves  and  cur¬ 
rents  of  various  types  are  capable  of  transporting  the 
material  for  considerable  distances,  possibly  back 
into  the  estuary  from  which  it  was  dredged,  unless  the 
site  has  certain  oceanographic  specifications.  The 
concept  of  an  ideal  site  deals  with  the  issue  of  what 
size  and  placement  of  a  site  will  reduce  the  possibil¬ 
ity  of  mass  transport  of  sediment  without  unreasonable 
increase  of  disposal  costs. 


INTRODUCTION 


NATURE  OF  THE  PRESENT  STUDY 

Although  in  the  United  States,  and  elsewhere,  the  1970s  saw  the  growth  of 
serious  movements  to  ban  the  disposal  of  all  wastes  into  the  ocean,  I  sense 

that  a  sentiment  is  growing  today  among  knowledgeable  people  that  the  ocean  can 
be  the  most  appropriate  of  receiving  environments  for  salt-laden  dredged  mate¬ 
rial.  In  fact,  I  accept  the  proposition  that  even  polluted  dredged  material 
can  be  disposed  safely  into  the  ocean  with  minor  environmental  risk,  provided 
some  special  care  method  of  disposal,  such  as  clean  material  capping,  is  used. 
Equally  important  in  mitigating  environmental  impacts  is  the  application  of 

special  care  in  selecting  and  locating  the  ocean  disposal  site.  This  was  not 
always  done  in  the  past,  but  it  is  this  aspect  of  the  dredged  material  disposal 
problem  that  I  wish  to  discuss  here.  My  principal  focus  will  be  upon  the 
oceanographic  parameters  that  must  be  considered  if  one  hopes  to  define  and 
situate  an  ideal  or  model  ocean  disposal  site  for  dredged  material.  Naturally 
these  oceanographic  parameters  will  change  from  place  to  place  but  mainly  they 
will  differ  only  in  degree. 

Although  it  is  very  important  to  understand  what  oceanographic  parameters 
must  be  considered  in  creating  and  placing  a  model  disposal  site,  it  is  equally 

important  to  apply  these  fact:  in  an  orderly  way  during  the  process  of  choosing 


167 


1 


1 


4 


the  specific  location  of  such  a  site.  Accordingly,  as  a  second  major  theme,  I 
shall  describe  a  technique  for  site  selection,  referred  to  as  the  "sieve  tech¬ 
nique,"  that  I  have  employed  with  some  success.  But  prior  to  expanding  upon 
these  two  themes  of  the  paper,  it  will  be  useful  to  review  the  status  of  exist¬ 
ing  ocean  dredged  material  disposal  sites  in  II. S.  waters.  Some  of  these  may 
fit  the  template  of  a  model  site,  whereas  others  will  not. 

U.S.  POLICY  ON  OCEAN  DISPOSAL 


Effective  management  of  any  activity  or  resource  must  be  u.idergirded  by 
lucid  policy.  The  United  States  does  have  a  policy  governing  ocean  disposal. 
It  is  stated  in  Sec.  2(b)  of  the  Marine  Protection,  Research  and  Sanctuaries 
Act  of  1972,  as  amended: 

"The  Congress  declares  that  it  is  the  policy  of  the 
United  States  to  regulate  the  dumping  of  all  types  of 
materials  into  ocean  waters  and  to  prevent  or  strictly 
limit  the  dumping  into  ocean  waters  of  any  materials 
which  would  adversely  affect  human  health,  welfare,  or 
amenities,  or  the  marine  environment,  ecological 
systems,  or  economic  potentialities." 

Effective  regulation  of  the  disposal  of  dredged  material  continues  to 
depend  upon  the  following  legal  tools  provided  to  the  managers  of  these 
affairs. 

LEGISLATIVE  BASIS 


Federal  legislation  controlling  waste  disposal  in  the  U.S.  marine  environ¬ 
ment  appears  to  have  started  with  the  Rivers  and  Harbors  Act  of  1899.  The 
impetus  for  passage  of  the  Act  was  public  dissatisfaction  in  the  1870s  with  the 
heavy  pollution  of  the  Hudson  River,  New  York  Harbor,  and  the  New  York  5i ght . 
For  a  long  time  pursuant  to  that  enactment,  control  of  disposal  of  dredged 
material  was  vested  in  the  U.S.  Army  Corps  of  Engineers  and  the  principal  cri¬ 
teria  for  issuance  of  disposal  permits  were  concerned  with  whether  or  not 
hazards  to  navigation  or  other  impediments  to  transportation  would  be  created. 
It  was  not  until  the  decade  of  the  1970s  that  truly  effective  legal  tools  with 
which  to  protect  the  environment  of  waterways  was  provided  by  Congress. 

In  1970,  again  stimulated  by  concerns  of  scientists  over  the  impacts  of 
disposal  of  sewage  sludge  and  acid  wastes  in  the  New  York  Bight,  the  Council  on 
Environmental  Quality  issued  a  report  on  ocean  disposal  that  stressed  the  prop¬ 
osition  that  regulation  should  be  based  to  a  large  extent  upon  environmental 
matters. 

This  report  carried  recommendations  that  were  incorporated  into  the  Marine 
Protection,  Research  and  Sanctuaries  Act  of  1972  (MPRSA)  that  regulates  the 
disposal  of  wastes  into  ocean  waters. 

Sec.  102  of  MPRSA  authorizes  the  Environmental  Protection  Agency  to  issue 
permits  for  the  transportation  and  dumping  of  wastes,  except  dredged  and  fill 
material,  and  to  establish  criteria  for  reviewing  and  evaluating  such  permits 
and  designating  sites  and  times  for  dumping.  Sec.  103  uf  the  Act  authorizes 
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the  Corps  of  Engineers  to  issue  permits  for  the  transportation  of  dredged 
material  for  ocean  dumping  in  accordance  with  criteria  established  by  EPA,  as 
noted  above. 

The  international  aspect  of  the  regulation  of  ocean  dumping  was  not  long 
in  coming.  The  International  Convention  on  the  Prevention  of  Marine  Pollution 
by  Dumping  of  Wastes  and  Other  Matter  (The  London  Dumping  Convention  or  LDC) 
was  developed  in  the  intergovernmental  conference  held  at  London  in  the  fall  of 
1972.  LDC  entered  into  force  during  August  1975  when  the  minimum  of  15 
nations,  of  which  the  U.S.  was  one,  had  ratified  it.  I  note  that  Japan  became 
a  Contracting  Party  in  1981,  making  a  present  total  of  48  signatory  rations. 

EPA  published  the  Final  Ocean  Dumping  Regulations  and  Criteria  in  the 
Federal  Register  of  January  11,  1977 ,  called  for  in  Sec.  102  of  MPRSA.  They  are 
still  in  force  although  some  modifications  are  under  discussion  at  the  present 
time. 

CRITERIA  FOR  THE  SELECTION  OF  OCEAN  DISPOSAL  SITES 


In  the  January  11,  1977,  document  EPA  established  five  general  criteria 
(228.5)  and  11  specific  criteria  (228.6)  to  be  applied  in  selection  and  desig¬ 
nation  of  ocean  disposal  sites.  I  shall  not  itemize  them  here  but  they  will  be 
heeded  and  mentioned  when  appropriate  as  attempts  are  made  to  construct  and 
locate  a  model  ocean  disposal  site. 

SPECIFICATIONS  OF  EXISTING  U.S.  OCEAN  DISPOSAL  SITES 
GEOGRAPHIC  DISTRIBUTION 


There  are  some  131  dredged  material  disposal  sites  officially  recognized 
by  EPA  in  U.S.  ocean  waters.  Of  these  41  are  located  on  the  Atlantic  Coast;  4 
are  in  the  Caribbean  off  Puerto  Rico;  50  are  on  the  coast  of  the  Gulf  of  Mexi¬ 
co;  31  are  on  the  Pacific  Coast;  and  the  rest  are  in  Hawaii,  Guam,  and  American 
Samoa.  The  Gulf  (.oast  accounts  for  about  70%  of  the  total  volume  of  material 
generated  by  maintenance  dredging  in  the  U.S.  and  the  New  Orleans  District 
alone  produces  nearly  half  of  that. 

SIZE  DISTRIBUTION 


About  half  of  the  present  dredged  material  sites  are  small  (0.5  or  less 
square  nautical  miles)  and  an  additional  44%  are  less  than  4  square  nautical 
miles  (n  mi?)  in  extent.  Only  11  sit£s  (8%)  are  4  or  more  n  mi  .  Our 
model  site  will  have  an  area  of  3  n  mi  ,  but  will  be  compartmentalized  into 
smaller  functional  units,  as  will  be  discussed  later. 

OEPTH  DISTRIBUTION 


Oepth  is  a  very  important  criterion  to  be  applied  in  placing  a  dredged 
material  site.  Ordinarily,  but  not  always,  depth  varies  directly  with  distance 
from  shore.  About  70%  of  the  existing  sites  have  center  depths  of  20  m  or 
less.  Another  16%  have  depths  between  21  and  99  m,  and  the  remainder  (14%)  are 
100  m  or  over  in  depth  of  which  half  are  in  the  Pacific  where  the  continental 
shelf  is  narrow.  Over  half  of  the  shallow  ones  are  in  the  Gulf  of  Mexico  where 
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the  continental  shelf  is  generally  very  wide.  A  model  ocean  disposal  site  must 
be  sufficiently  deep  as  to  preclude  the  resuspension  of  fine-grained  dredged 
material  by  normal  winter  storm  waves.  As  noted  later,  an  ideal  site  in  the 
open  ocean  should  be  located  in  water  not  less  than  22  and  preferably  25  to  30 
meters  deep. 

DISTANCE  FROM  SHORE 


Distance  from  shore  is  certainly  an  important  criterion  to  be  employed  in 
siting  both  for  economic  as  well  as  environmental  reasons.  Economic  considera¬ 
tions  call  for  a  disposal  site  to  be  as  near  as  possible  to  the  channels  to  be 
maintained,  whereas  environmental  considerations  generally  call  for  greater 
offshore  distances  to  protect  beaches  and  other  amenities.  Obviously  where 
channels  must  be  dredged  for  some  distance  outward  on  the  shelf,  sites  may  be 
near  the  dredger  even  though  they  are  a  considerable  distance  offshore.  About 
half  of  the  existing  sites  are  in  the  territorial  sea,  i.e.,  3  n  miles  or  less 
from  shore,  while  most  of  the  rest  are  in  the  contiguous  zone  12  or  less  n 
miles  from  shore.  Environmentally,  depth  and  size  are  more  important  specifi¬ 
cations  than  distance  from  shore  per  se. 

OCEANOGRAPHIC  CRITERIA  FOR  SIZE,  CONFIGURATION,  AND 
LOCATION  OF  AN  IDEAL  SlTT 

DETERMINERS  OF  AN  IDEAL  SIZE 

In  the  January  11,  1977,  revision  of  EPA's  ocean  dumping  regulations  and  1 

criteria  we  find  the  following  general  criterion  dealing  with  dumpsite  size,  to 
wit: 

40  CFR  228.5  (d).  The  sizes  of  ocean  disposal  sites  will 
be  limited  in  order  to  localize  for  identification  and  con¬ 
trol  any  immediate  adverse  impacts  and  permit  the  implemen¬ 
tation  of  effective  monitoring  and  surveillance  programs  to 
prevent  adverse  long-range  impacts.  The  size,  conf igura- 
.  tion,  and  location  of  any  disposal  site  wi  1 1  be  determined 
as  a  part  of  the  disposal  site  evaluation  or  designation 
study.  (Underlines  added.) 

Then  inv40  CFR  228.6  (3)  we  find  a  specific  criterion  that  relates  to  size 
in  regard  to  proposed  use  of  the  site,  viz.,  that  in  selecting  a  site  con¬ 
sideration  will  be  given  to: 

Types  and  quantities  of  wastes  proposed  to  be  disposed  of, 
and  proposed  methods  of  release,  including  methods  of  pack¬ 
ing  the  waste,  if  any.  (Underline  added.) 

In  selecting  the  size  and  configuration  of  a  dredged  material  disposal 
site,  it  is  my  contention  that  one  must  be  concerned  with: 

a)  longshore  and  tidal  current  speeds  and  directions, 

b)  the  proposed  average  annual  amount  of  dredged  material  to 
be  disposed  in  the  site,  and 
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c)  any  plans  for  expansion  or  deepening  of  a  harbor  that  would 
produce  extraordinary  amounts  of  dredged  material. 

In  addition  to  its  configuration,  the  site  should,  for  management  purposes, 
be  thought  of  as  subdivided  into  four  sections  that  would  be  buoyed  from  time 
to  time. 

SIZE,  SHAPE,  AND  ORIENTATION 
The  Size  of  the  Site 

Study  of  the  volumes  of  dredged  material  that  Corps  of  Engineer  Districts 
need  to  dispose  annually  into  the  ocean  reveals  a  range  of  from  a  few  thousand 
nr  up  to  in  excess  of  about  S  million  nr  in  the  New  York  District.  I 
believe  that  a  site  having  an  area  of  3  square  nautical  miles  (10.3  knr) 
would  not  only  meet  the  annual  needs  of  all  Districts  but  could  accommodate  the 
material  to  be  dredged  for  channel  deepening.  A  site  of  this  size  is  somewhat 
larger  than  the  Mud  Dump  in  the  New  York  Bight  (7.71  kar)  which  has  been  in 
more  or  less  constant  use  for  60  or  more  years  and  had  until  recently  some 
almost  unused  portions.  Ideally  the  site  would  have  dimensions  of  2.0  x  1.5  n 
miles  (3.7  x  2.8  km),  giving  a  surface  area  of  about  10.3  million  nr  (Figure 
1).  Accordingly,  should  the  need  arise  this  site  could  handle  in  a  year  as 
much  as  20-30  million  nr  of  dredged  material  without  abnormally  high  initial 
mounding  before  compaction. 

Shape  and  Subdivisions 


For  environmental  and  management  purposes  the  site  should  take  the  form  of 
a  parallelogram  (Figure  1)  with  the  smaller  sides  parallel  to  the  course  of  the 
longshore  currents.  This  will  permit  disposing  of  dredged  materials  along  its 
long  axis  without  subjecting  the  same  downstream  organisms  to  a  constant  rain 
of  fine  particulates  during  disposal.  The  site  should  be  subdivided  (figura¬ 
tively)  into  four  compartments  paralleling  the  ends  and  each  having  an  area  of 
about  2.6  million  m  .  In  practice  muds  (silts  and  clays)  should  be  disposed 
in  the  upcurrent  ends  of  t!.e  compartments  in  order  to  give  maximum  extension  to 
the  mixing  zone. 

Location  and  Orientation 


The  preferred  location  and  orientation  of  the  site  are  shown  in  Figure  1. 
In  the  northern  hemisphere  the  Coriolis  effect  will  cause  the  low-salinity 
current  leaving  the  estuary  (harbor)  to  turn  to  the  right  and  move  down  the 
coast  along  with  but  seaward  of  the  longshore  current.  At  the  same  time  the 
tidal  bottom  water  will  move  in  from  the  left;  hence,  if  the  site  is  located  as 
shown  with  reference  to  the  harbor  entrance,  there  will  be  less  likelihood  that 
dumped  materials  will  be  transported  back  into  the  estuary,  as  we  shall  see 
wave  forces  can  accomplish. 

OCEANOGRAPHIC  CRITERIA  FOR  SIZE  AND  PLACEMENT  OF  AN  IDEAL  SITE 
DETERMINERS  OF  AN  IDEAL  DEPTH 


One  of  the  major  concerns  in  the  disposal  of  dredged  material,  particular¬ 
ly  if  it  carries  some  pollutants,  is  that  it  should  remain  in  place  after 
reaching  the  bottom.  T!-e  two  natural  factors  that  can  resuspend  sediments  in 
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Figure  1.  Diagrammatic  view  showino  the  entrance  to  an  estuary  with  its  sur¬ 
face  and  bottom  currents  and  the  placement  of  a  dredged  material  dumpsite  in 
relation  to  depth,  longshore  currents,  and  offshore  circulation. 


large  amounts  are  waves  and  currents,  both  of  which  are  strongly  depth  related. 
It  is  for  this  reason  that  depth  is  considered  to  be  of  paramount  importance  in 
siting  a  dredged  material  site. 

WAVES  ANO  THE  DEPTH  FACTGR 


Initial  Bottom  Disturbance 


Certain  characteristics  of  waves  must  be  defined 
section  understandable: 


in  order  to  make  this 


a)  wave  height  (h)  is  the  vertical  distance  from  the  wave  trough 
to  crest.  Mean  wave  heights  on  U.S.  Coasts  are  ordinarily  not 
over  0.7  to  1.5  m. 

b)  wave  period  (p)  is  the  time  required  for  two  successive  crests 
to  pass  a  "fixed  point.  Mean  wave  periods  on  U.S.  Coasts  range 
between  2  and  5  seconds  with  maxima  ranging  up  to  9  or  so 
seconds . 
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c)  wave  1 ength  (1)  is  the  horizontal  distance  from  crest  to  crest. 

d)  wave  velocity  (v)  is  the  wave  length  divided  by  the  wave 
period. 

When  waves  move  into  shoaling  water  their  periods  remain  unchanged  but 
their  velocity  decreases.  Because  the  period  is  constant  while  the  velocity 
(1/p)  decreases,  it  is  evident  that  the  wave  length  decreases  in  shoaling 
water.  Waves  begin  to  feel  or  disturb  the  bottom  when  the  ratio  between  water 
depth  (d)  and  wave  length  (1)  d/1  is  less  than  0.5,  that  is  to  say  when  depth 
has  decreased  to  one-half  the  length  of  oncoming  waves.  For  waves  of  periods 
of  5  seconds  this  depth  is  about  20  m. 

The  Threshold  of  Sediment  Movement 


As  the  velocity  of  fluid  flow  over  the  seabed  increases,  a  point  is  reach¬ 
ed  where  the  fluid  xerts  enough  shear  on  the  grains  to  cause  them  to  rise  from 
the  bed  and  move  horizontally.  This  point  is  known  as  the  threshold  of  sedi¬ 
ment  movement  (Komar,  1976)  (1).  The  shear  stress  exerted  on  the  bottom  by 
wave-induced  motion  stirs  up  the  sediment  which  may  then  be  moved  by  a  current 
that  by  itself  would  have  been  incapable  of  reaching  the  threshold  stress. 

TRANSPORT  OF  SILTS  AND  CLAYS 

Much  of  the  dredged  material  derived  from  maintenance  dredging  is  composed 
of  silts  and  clays;  hence,  we  must  consider  the  conditions  under  which  a  dispos¬ 
ed  mound  would  be  subject  to  transport  by  waves  or  currents  or  a  combination  of 
both.  Beds  of  fine-grained  sediments  having  diameters  of  100'  ym  or  less  exhib¬ 
it  a  high  degree  of  cohesiveness  (Figure  2).  Thus,  flume  studies  have  shown 
that  the  threshold  shear  stress  for  compact  fine  silt  or  clay  beds  can  exceed 
that  necessary  to  move  gravel-sized  material  having  particle  diameters  of  2.0 
mm  or  more  (Drake,  1976)  (3).  This  cohesiveness  is  produced  by  unsatisfied 
particle  cnarges,,  the  strength  of  which  are  dependent  in  part  upon  water  con¬ 
tent  of  the  bed,  mineral  composition,  and  content  of  organic  matter.  There  is, 
of  course,  an  inverse  relationship  between  compaction  and  water  content,  with  a 
water  content  of  80%  being  of  considerable  importance  (Figure  2).  Drake  (1976) 
(3)  has  concluded  that  moderately  compact  mud  beds  may  be  eroded  at  current 
velocities  on  the  order  of  10.  to  30  cm/sec  (0.2  to  0.58  knots)  provided  the 
water  content  i:  no  less  than  80%.  That,  however,  refers  to  current  speeds  1 
m  above  the  bottom;  considerably  lower  velocities  are  required  at  the  water/' 
sediment  interface. 

The  Shoaling  Transformation  of  Wave  Structure 


An  orbital  motion  of  individual  water  particles  occurs  in  all  surface 
waves.  In  deep  water  (d/1  >  0.5)  these  particle  orbits  are  nearly  circular 
with  their  diameters  equaling  the  wave  height  at  the  surface  but  decreasing 
exponentially  toward  the  bottom.  At  intermediate  bottom  depths,  the  orbits 
become  elliptical  and  smaller.  When  the  onrushing  waves  feel  bottom,  the 
elliptical  motion  decays  to  a  back-and-forth  motion  of  the  water  with  the 
period  of  motion  equaling  that  of  the  surface  wave.  When  this  oscillatory 
movement  begins  it  exerts  a  shear  stress  on  the  bottom  and  the  sediment  grains 
start  to  fee'1  the  waves  (Figure  3).  This  stress  is  several  times  larger  than 
the  shear  e-erted  by  a  steady  current  of  equal  magnitude. 


Figure  2.  Current  velocities  required  to  transport 
percentages  of  water.  From  Postma  (1967)  (2). 


sediments  having  graded 


Figure  3.  Expected  water  depth 
15-second  period  and  a  range  of 
Komar  and  Mil ler  (  1  975  1  (4  ) . 
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due  to  surface  waves  of  a 
and  wave  heights.  From 


There  is  considerable  evidence  that  at  least  in  shallow  water  waves  alone 
can  produce  an  onshore  sedi'v-nt  transport  because  of  the  asymmetry  of  tneir 
Orbital  motion.  As  shown  in  figure  4,  the  orbital  motion  under  the  crest  is  of 
high  speed  but  low  duration,  whereas  the  offshore  return  motion  under  the 
trough  is  of  lower  spe-d  but  longer  duration.  But  even  .though  the  surface 
orbital  velocities  may  be  auite  high,  the  velocity  decreases  very  rapidly  and 
becomes  very  small  at  depths  in  excess  of  20  m.  ?or  instance  a  wave  with  a  5- 
secpnd  period  and  a  height  of  1  m  would  have  an  orbital  velocity  of  100  cm/sec 
at  the  surface  but  only  1  cm/sec  at  a  depth  of  30  m.  This  u  bital  velocity  will 
cause  fine  sands  to  be  transported  but  not  consolidated  muds. 


riqure  4.  Bed i men t  movement  under  a  near-bottom  wave  orbital  motion,  the  velo¬ 
city  at  b  unger  the  crest  is  higher  than  at  e  under  the  trough.  This  causes  a 
net  onshore  movement  of  certain  grain  sizes.  From  Komar  (1976)  (1). 


Some  grain  si zes  espec i al ly  of  ouartz  sands  may  be  of  sufficient  size  that 
they  are  transported  only  by  the  Stronger  onshore  orbital  motion  and  are  not 
moved  at  all  by  the  return  offshore  flow  (Figure  5).  A  somewhat  finer  grain 
size  might  be  moved  both  during  the  onshore  motion  and  offshore  flow  but  would 
only  shift  offshore  a  small  distance  during  tne  return  orbit  since  most  of  the 
current  of  the  return  orbit  would  not  be  sufficient  to  move  the  grain.  Hence 
there  would  be  a  net  shoreward  movement.  Actually  in  nature  the  bigger  the 
particle  the  more  pronounced  is  the  onshore  creep  (8agnold,  1940)  (5).  It  is 
conceivable  that  with  an  offshore  current  superimposed  on  wave  motion,  fine 
sediments  that  are  thrown  into  suspension  will  be  carried  offshore  while  coarser 
sediments  that  remain  near  the  bottom  are  carried  onshore.  There  are  records 
indicating  that  on  some  coasts  sands  have  been  transported  onshore  from  as  much 
as  20  km  offshore  (10.8  n  miles). 

On  the  other  hand  when  fine  material  has  been  resuspended,  even  very  low 
velocity  currents  will  tend  to  carry  the  material  shoreward  and  if  estuaries  or 
harbors  are  nearby  much  of  the  material  will  be  funneled  into  the  estuaries  and 
depns i ted . 


Deposition  of  silt  and  some  clay  will  beqin  at  shelf  depths  where  wave 
surge  currents  fall  below  5  to  10  cm/see  Curray,  1960)  (6).  This  depth 

wi  :  1  depend  on  the  exposure  of  the  coast  but  generally  ranges  f’-om  20  tc  50  m. 


Figure  5.  The  bottom  orbital  velocity  and  wave  period  (T)  necessary  for  the 
* hresho 1 d  of  sediment  motion  under  waves.  From  Komar  and  Miller  (1975)  (4). 


Drake  (1976)  (3)  points  out  that  there  are  two  factors  characteristic  of 
fine-grained  particulate  matter  and  which  tend  to  greatly  increase  shelf  reten¬ 
tion  of  muds:  grain  aggregation  and  interparticle  cohesive  forces.  Shelf 
suspended  sediments,  including  those  derived  from  dredged  material,  are  always 
highly  aggregated.  Aggregates  with  average  diameters  in  tie  medium  to  coarse 
silt  range  (31  to  62.5,*<m)  usually  contain  hundreds  of  very  fine  silt  and  clay 
particles  bound  together  by  organic  matter  and  van  der  Waals  forces.  These 
aggregates  sink  much  more  rapidly  than  single  clay  and  fine  silt  particles. 
The  increased  settling  rate  results  in  a  rapid  loss  of  suspended  matter  from 
surface  waters  flowing  seaward  into  npar-bottom  waters  that,  in  many  cases, 
appear  to  migrate  onshore  slc.,y.  Often  these  particles  scavenge  pollutants 
from  the  water  column. 

LONGSHORE  CURRENTS  AND  SEDIMENT  TRANSPORT 

Longshore  cur.  ents  play  an  important  role  in  transporting  sediments  that 
have  been  brought  shoreward  by  processes  mentioned  above.  If"  estuaries  occur 
along  the  coast,  some  of  these  sediments  will  undoubtedly  be  carried  into  the 
estuary.  Longshore  currents  are  generated  by  breaking  waves  through  two 
processes  that  in  some  places  occur  together.  The  first  of  these  is  the  long¬ 
shore  current  caused  by  waves  breaking  at  an  angle  to  the  shoreline;  the  second 
is  the  rip  current  and  its  associated  longshore  currents. 
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Oblique  Wave  fronts 

In  most  places  waves  run  up  the  sloping  beach  at  an  angle,  but  their  fall¬ 
back  is  vertical  or  normal  to  the  beach  (Figure  6).  As  a  result,  longshore 
currents  are  produced  which  will  transport  sediments  parallel  to  the  coast. 
Some  of  these  will  be  beach  sands  but  other  components  may  be  material  dumped 
at  sea  and  carried  shoreward.  For  the  most  part  these  longshore  currents  occur 
inside  the  breaker  zone  but  under  certain  conditions  they  occur  seaward  of  this 
zone  as  well. 


Figure  6.  Graphic  portrayal  of  how  a  wave  train  approaching  the  shore  at  an 
angle  can  create  a  longshore  current. 


P i p  Currents 

Rip  currents  are  always  associated  with  longshore . currents  the  cause  of 
which  is  somewhat  more  complex  than  that  associated  with  oblique  wave  fronts. 
When  waves  arrive  at  the  shore  with  their  crests  more  or  less  parallel  to  the 
shoreline,  there  is  a  small  lowering  of  water  level  just  outside  the  breaker 
zone  while  there  is  a  rise  of  mean  water  level  inside  the  surf  zone.  Since  it 
will  be  higher  where  the  breaking  waves  are  largest,  water  inside  the  sur^  zone 
will  flow  along  the  shore  to  the  areas  where  the  waves  are  smallest.  Thus,  the 
longshore  currents  converge  toward  positions  of  lowest  wave  breakers  where  the 
flow  turns  seaward  as  rip  currents  (Figure  7). 

THE  SIEVE  TECHNIQUE  FOR  LOCATING  AN  OCEAN  DUMPSITE 

DEFINITION 

The  sieve  technique  for  selecting  the  location  of  a  dredged  material  dump- 
site  involves  a  methodical,  step-by-step  elimination  of  unsuitable  areas  of  the 
seafloor,  based  on  economic,  aesthetic,  recreat ional ,  and  environmental  criter- 
'a,  until  only  acceptable  areas  for  its  location  remain  (see  Figure  8).  The 
unsuitable  areas  for  whatever  reason  will  be  screened  out  and  darkened  on  the 
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Figure  7.  The  nearshore  cell  circulation  consisting  of  (1)  feeder  longshore 
currents,  (2)  rip  currents,  and  (3)  a  slow  mass  transport  returning  water  to 
the  surf  zone.  From  Shepard  and  Inman  (1950)  (7). 

navigation  chart.  When  all  such  areas  have  been  blocked  out,  the  potential 
site  areas  will  stand  out  in  bold  relief. 

CONSTRAINTS  IN  APPLYING  THE  TECHNIQUE 

It  is  advisable  at  the  outset  to  arrive  at  the  maximum  haul  distance  from 
the  harbor  entrance  that  is  acceptable  for  reasons  of  cost.  This  distance, 
however,  must  be  large  enough  to  intersect  the  30-meter  isobath.  Assuming  the 
distance  to  be  20  km,  an  arc  of  this  radius  is  scribed  on  a  navigation  chart  so 
that  it  inte'sects  the  isobath  at  each  end.  At  the  same  time  all  shipping 
fairways  should  be  screened  out  and  darkened  (Figure  10).  Also,  every  effort 
should  be  made  to  find  an  acceptable  location  to  the  right  of  the  harbor  exit,  as 
noted  above. 

Assuming  a  thorough  review  of  the  relevant  literature  and  consultations 
with  appropriate  public  officials  and  interested  environmental  and  SCUBA  diving 
groups  have  been  completed,  and  mindful  of  EPA's  specific  criteria  for  site 
selection,  we  shall  proceed  to  scribe  on  the  chart  (Figure  9)  the  locations  of 
such  features  as 

a)  commercial  fishing  and  shellfishing  grounds 

b)  recreational  fishing  and  diving  reefs 

c)  spawning  grounds  of  important  species  and  their  food  organisms 

d)  migration  routes  of  finfish  or  shellfish  including  passes  into 
estuaries 

e )  archeological  features 

f)  beaches  and  other  amenities 


SPONSOR'S  ECONOMIC  AND 
NAVIGATIONAL  COMPATIBILITY 


PUBLIC'S  SOCIO-ECONOMIC 
COMPATIBILITY 


GENERAL  OCEANOGRAPHIC 
COMPATIBILITY 


SITE  SUITABILITY 


Figure  8.  General  represent  at i on  of  the  sieve  technique  for  siting.  Un¬ 
suitable  areas  are  eliminated  step-by-step  until  the  small  white  site  areas 
stand  out  very  clearly. 
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Figure  9.  Showing  a  plot  of  sensitive  environmental  areas  off  Mobile  Bay, 
Alabama,  that  must  be  protected  by  buffer  zones  and  screened  out  by  tiie  sieve 
technique,  as  shown  in  Figure  10. 

BUFFER  ZONES 

Since  we  can  assume  that  bottom  currents  may  attain  speeds  up  to  0.5  knots 
and  that  much  of  the  dredged  material  except  the  very  finest  would  settle  out 
in  less  than  four  hours,  we  should  protect  any  amenity  and  living  resource  by 
establishing  the  adjacent  edge  of  the  dumpsite  to  be  no  closer  than  2  n  mi  (3.7 
km)  to  the  amenity,  since  this  is  the  distance  that  a  0.5-kt  current  would 
travel  in  4  hrs. 

Accordingly,  these  amenities  and  their  buffer  zones  are  then  screened  out 
by  darkening  (Figure  10). 


SPONSOR'S  ECONOMIC 
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Figure  10.  Application  of  the  sieve  technique  to  siting  a  dredged 
material  dumpsite.  Top  figure  shows  the  screened  out  area  beyond  the 
haul  distance  arc  and  the  shipping  fairways.  The  second  figure  shows 
areas  screened  out  because  of  nature  preserves  and  public  beaches. 
The  third  figure  shows  depth  compatibility.  The  final  figure  shows 
all  the  screened  out  areas  and  the  placement  of  the  site. 


The  unscreened  areas  that  now  appear  on  the  chart  are  suitable  for  locat¬ 
ing  the  dumpsite.  At  this  point  the  site  will  be  placed  as  far  down  current 
from  the  estuary  mouth  as  feasible  and  then  much • more  detailed  parameters  such 
as  sediment  type  can  be  given  consideration  in  making  the  final  choice. 

DEALING  WITH  EXISTING  SITES 

Many  of  the  dredged  material  sites  that  are  in  use  at  the  present  time  in 
U.S.  waters  do  not  meet  the' above  specifications,  because  they  are  small  and 
located  in  very  shallow  water.  This  does  not  mean,  however,  that  all  of  them 
•should  be  abandoned.  Very  likely  some  of  these  should  be  eliminated  and  a  more 
appropriate  site  established,  but  others  should  be  maintained  even  though  they 
are  less  than  ideal.  It  is  not  appropriate  here  to  discuss  this  topic  in 
detail  but  guidelines  for  deciding  whether  a  substandard  site  should  be  replac¬ 
ed  would  certainly  include 

a)  Whether  the  site  is  located  in  an  open  high-energy  environment 
or  in  a  sheltered  part  of  the  coastal  environment  where  nor¬ 
mally  wave  forces  are  moderate. 

b)  Whether  or  not  the  site  receives  maintenance  dredged  material 
from  industrial  waterways. 

c)  Whether  the  site  has  received  maintenance  dredged  material 
during  the  past  five  years  without  observable  environmental 
impact  and  without  public  protest. 

d)  Whether  or  not  there  are  plans  to  increase  the  volumes  of 
material  disposed  in  the  site  primarily  because  of  new  work. 

Many  more  criteria  can  be  brought  to  bear  on  this  judgmental  matter,  but 
in  my  opinion  those  sites  that  satisfy  even  the  above  simple  guidelines  might 
be  given  final  designation.  This  would  leave  time  and  resources  for  more  care¬ 
ful  study  of  sites  that  have' a  history  of  public  concern  or  that  may  be  sched¬ 
uled  to  receive  increased  volumes  of  dredged  material  in  the  future  or  that  may 
be  considered  for  disposal  of  polluted  material,  applying  "special  care"  meas¬ 
ures.  This  issue  is  obviously  worthy  of.  further  study. 
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SIMULATION  OF  ESTUARINE  SILT  TRANSPORT 
ACCORDING  TO  STORM  WATER  RUNOFF 


Yoji  Baba 


INTRODUCTION 

Artificially  polluted  wastewater  and  solids  flow  into  urban  rivers 
through  urbanization  and  industrial  activities.  Solids  deposit  on  the  es¬ 
tuarine  bed  due  to  the  reduction  of  transport  ability  of  the  flow. 

Deposited  solids  and  silt  reduce  the  effective  cross-sectional  area  of 
urban  rivers  which  suffer  from  high  runoff  rates,  j  At  the  same  time,  solids 
both  deposited  and  suspended  sometimes  contain  chemicals  undesirable  to  the 
water  environment.  Their  release  and  suspension  damage  the  river  water  quality 
and  the  aquatic  biota  environment.  ■  Precious  wateri-based  amenities  and  natural 
property  are  also  damaged. 

! 

Fine  particles  of  suspended  solids  which  move  in  an  estuary  can  form  ag¬ 
gregates  according  to  the  hydraulic  and  water  quality  conditions  such  as  a 
particle's  electrochemical  properties  and  surrounding  salinity.  High  salinity 
generally  produces  bigger  floes  and  aggregates,  increases  the  fall  velocity, 
and  accelerates  settling  to  the  bed.  The  movement!  and  deposition  of  the  solids 
are  characterized  by  channel  scales  and  salinity  intrusion  of  an  estuary. 

i 

The  deposit  of  silt  behaves  as  a  cohesive  material  and  increases  its 
density  as  consolidation  proceeds.  Flood  flows  may  form  a  deposit  which 
contains  sand. 

I 

I 

Very  soft  silt,  always  alternating  between  suspension  and  deposition, 
exists  near  the  bank  where  the  flow  is  slow  and  is;  suspended  easily  by  waves 
due  to  navigation  and  rough  weather.  [ 

j 

Quantitative  analysis  of  the  rate  of  silt  suspension  and  deposition  is 
useful  for  planning  dredging  projects  and  water  quality  reservations  in  an 
estuary. 

This  paper  deals  with  a  simulation  technique  of  silt  transport  when  a 
storm  runoff  event  is  added  to  the  tidal  flow  motion.  The  simulation,  funda¬ 
mentally  based  on  a  one-dimensional  and  one-layer  model,  is  successful  to  some 
degree  only  by  changing  the  fall  velocity  longitudinally  according  to  the 
magnitude  of  measured  salinity. 
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SIMULATION  MODEL 

This  paper  shows  a  simple  simulation  model  of  a  one-dimensional  and 

one-iayer  system.  Of  course,  a  two-layer  model*"*  or  a  two-dimensional 
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model  should  be  used  for  some  salinity  circumstances.  However,  cases  where 
a  simple  model  like  this  can  be  applied  will  exist. 

The  model  used  herein  is  described  briefly  as  follows. 

Mass  conservation  for  suspended  solids  takes  an  integrated  form  on  the 
control  volume 


§c  +  a/  E  ac 

3t  3x  \  3x 


)=  •!  (v 


where 


C:  suspended  solids  concentration  averaged  in  the  cross  section, 
C:  suspended  solids  concentration  at  elevation  zq  (the  bed), 

U:  cross  sectionally  averaged  flow  velocity, 

B:  channel  width, 

A:  cross-sectional  area  of  the  channel, 

E:  longitudinal  dispersion  coefficient, 

£ ^ :  turbulent  diffusion  coefficient  of  vertical  component, 
t:  time, 

x:  longitudinal  distance, 

z:  vertical  distance, 


z  :  elevation  of  the  bed,  and 
o 

w  :  fall  velocity  of  suspended  solids, 
o 

Mass  balance  in  the  vertical  will  be  rewritten  as  follows: 


/  -  3C 
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Where  W  =  erosion  velocity  of  deposited  silt  layer  and  a  =  constant  (the 
rate  of  erodible  particles  to  the  none  rod i b I e ) .  The  fall  velocity,  w  ,  depends 

on  many  parameters  such  as  specific  weight  of  a  particle,  particle  sizes,  par¬ 
ticle  concentration,  and  the  scale  of  floes  and  aggregates  (this  also  relates 
to  the  probability  of  particle  contact  and  to  the  magnitude  of  salinity). 
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The  erosion  velocity,  W,  depends  on  physicochemical  parameters  such  as 
material  properties  of  particles,  salinity,  duration  of  deposition  (density!, 
critical  tractive  force,  and  tractive  force  of  the  flow. 

li-ny  efforts  have  been  conducted  to  determine  quantitatively  the  magni¬ 
tude  of  w  and  W  under  different  hydraulic  and  water  quality  environments. 
Here,  they  are  determined  by  the  experimental  facts  as  follows. 

Experiments  on  depositional  behaviors  of  suspended  particles  vere  carried 
out  under  freshwater  conditions  in  a  circular  impeller-driven  flume  (2847.8  cm 
long,  30  cm  wide,  and  29  cm  deep). 

First,  silt  is  kept  suspended  in  a  higher  concentration  state  than  the 
expected  equilibrium  through  a  higher  tractive  force  on  the  silt  bed.  The 
tractive  force  is  then  reduced  suddenly  and  kept  constant  for  about  24  hours 
until  an  equilibrium  state  of  the  silt  concentration  can  be  reached. 

Similar  experiments  were  conducted  for  both  1  and  3%  saltwater  conditions 
The  equilibrium  concentrations  reached  and  the  shear  velocities  (uw)  applied 
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during  the  experiments  have  the  relationships  shown  in  Figure  1  .  The 

straight  lines  drawn  in  Figure  1  show  the  tendency  depending  on  the  salinity. 
Those  straight  lines  are  expressed  functionally  as  fi(u*)  (i  denotes  salinity 
pa  rameter ) . 
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Figure  1.  Relationship  between  SS  concentration  and  shear  velocity 


At  the  equilibrium  state,  from  eqs.  (1)  and  (2  , 

-  7  (w  C  -  OfW)  =  0 
A  o 

So  we  obtain, 

c  =  v  (3) 

o 

On  the  other  hand,  from  Figure  1, 

C  =  fi(u*)  (.4) 

also  for  equilibrium  states.  Then  we  obtain, 

fi(^)  (5) 

o 

As  far  as  unsteady  flow  computations  are  concerned,  Dronker's  implicit 
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scheme  is  used.  For  the  computation,  the  discharge  is  given  at  17. 2K  point 
(17.2  km)  and  measured  tidal  level  at.  0..CK  point  for  boundary  conditions. 

Time  and  space  intervals  for  the  computation  are  60  seconds  and  200  to  600  m, 
respectively. . 

The  boundary  conditions  for  SS  (suspended  solids)  concentration  calcula- 
tidns  are  given  at  fhe  upper  end  and  Cs  of  SS  concentration  in  the  sea  at  the 
lower  end  (0.0K  point)  during  the  rising  tide. 

A  base  concentration  Co  (=  constant)  is  also  used,  which  is  almost  the 
same  value  as  the  smallest  measured,  as  follows. 

Cp  =  C  +  Co  (6) 

where  C  is  the  SS  concentration  calculation  and  Cp  is  the  final  prediction  of 
SS  concentration. 

OUTLINF.  OF  THE  RIVER  OBSERVED 

Ayase  River  was  chosen  for  simulation  and  field  observations.  Ayase 
River  runs  through  the  low  land  area  located  in  the  southern  part  of  Saitama 
prefecture  and  in  the  eastern  part  of  Tokyo  metropolitan,  and  finally  joins 
into  Naka  River  approximately  7  km  upstream  from  the  sea.  The  river  has  a 
2 

basin  area  of  165  km  and  a  total  length  of  49  km.  Water  pollution  has  ad¬ 
vanced  due  to  the  recent  radical  increase  of  population. 

As  water  quality  preservation  measures  in  the  basin,  sewage  systems  are 
urged  to  be  provided,  and  dredging  and  aeration  have  been  in  operation. 

Strict  standards  for  wastewater  disposal  and  total  contaminant  disposal  re¬ 
strictions  are  how  in  effect.  A  council  has  also  been  organized  for  water 
quality  improvement  between  responsible  authorities  and  users. 
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Field  observations  were  made  in  the  15-km  reach  (Figure  2)  from  Kamihirai 
Gate  (0.0K  point)  to  Matsubara  Ohashi  (15. OK  point).  Kamihirai  Gate  is  nor¬ 
mally  opened  freely  and  seawater  usually  invades  through  Naka  River.  The 
point  of  Matsubara  Ohashi  is  affected  by  tidal  f luctuations . 

The  lower  half  of  the  observed  reach  is  improved  and  straightened.  The 
upper  half  has  some  bends  with  relatively  great  radius  of  curvature. 

Channel  width  is  25  to  30  m  in  the  lower  half  and  15  to  22  m  in  the  upper 
half.  Depth  of  the  flow  at  the  average  water  level  is  2  to  2.5  n  in  the  lower 
reach  and  0.6  to  1.6  ra  in  the  upper  reach. 

The  thickness  of  the  deposited  silt  is  shown  in  Figure  3.  Though  the 
method  to  determine  the  thickness  varies  from  year  to  year,  the  big 
change  in  the  thickness  shows  the  effect  of  dredging.  Generally  speaking, 
both  the  reaches  above  10K  and  below  3K  seem  to  have  tendencies  to  deposit 
silt. 


FIELD  OBSERVATIONS 

Observation  points  were  set  up,  as  shown  in  Table  1,  for  water  level 
observations  and  sampling. 

Twenty-four-hour  continuous  observations  were  made  both  at  spring  tide 
and  neap  tide.  Rainfall  and  successive  runoff  occurred  during  the  neap  tide 
observat ion . 

The  time  interval  of  observing  v.ater  level  and  sampling  water  was  one 
hour.  Water  level,  water  sampling  (turbidity,  SS  concentration,  and  salinity) 
surface  flow  directions,  depth  of  flow,  water  temperature,  and  vertical  dis¬ 
tribution  of  salinity  were  observed  and  recorded.  The  observations  were  made 
in  March  when  water  temperature  ranged  between  8°  and  14°C. 

SIMULATION  OF  SS  CONCENTRATION  AT  SPRING  TIDE 

Figures  5,  and  6  show  the  variation  with  time  of  water  level,  salinity, 

and  romputrd  flow  discharges,  respectively,  during  the  spring  tide  observation 

In  the  computation  procedure  mentioned  above,  a  constant  fall  velocity  of 

0.1  cm/s ec  (equivalent  to  the  fall  velocity  of  a  3  1-p-d  i  amet  er  quart  g  particle) 

was  used  for  simplicity. 

As  for  the  erosion  velocity,  W, 
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Figure  3.  Longitudinal  distance 
Table  1.  Observation  Points 


Long. 

Observed^  Slat  ions _ _  Dj_s t a^>ce_ 

Kamihirai  Gate  0.0  Km 

Kinegawa  Bridge  1.0 

Nakano  Bridge  4.0 

Shin  Kahei  Bridge  6.5 

Taknmi  Bridge  8.3 

Yanaginomiya  Bridge  11.8 

Teshi ro  Bri dge  13.0 

Ya  koh  14.5 

Matsubara  Ohashi  15.0 


°  Indicates  observations  were  conducted 
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Figure  6.  Computed  discharge 

was  used  to  fit  to  the  observed  SS  concentrations.  Furthermore,  the  values 
a  -  0.8,  Co  =  12  ppm,  and  Cs  =  0  ppm  were  used.  For  the  boundary  conditions, 

the  discharge  at  the  computing  upper  end  (17. 2K)  was  0.5  m^/sec  and  measured 
SS  concentrations  at  15. OK  were  also  used. 

Computed  results,  as  shown  in  Figure  7,  considerably  agreed  well  with 
those  measured  results. 

Computed  values  both  between  2100  and  200  hours  and  between  1000  and 
1200  hours  did  not  agree  well.  This  was  caused  by  the  reduction  of  tidal  dis¬ 
charges  due  to  the  free  outflow  from  Ayase  Gate  to  Ara  River.  (The  effect 
is  large  when  the  flow  of  Ayase  River  is  downwards.  This  model  does  not  con¬ 
sider  the  outflow  and  inflow  through  the  gate.) 

Though  the  simulation  model  is  very  simple,  applicability  is  not  bad. 
Functional  relationships  and  constants  adopted  here  are  almost  the  same  as 
were  used  in  the  simulation  of  Tama  River. 

SIMULATION  OF  SS  CONCENTRATION  AT  NEAP  TIDE 

Figures  8,  9,  and  10  show  the  variation  with  time  of  water  level,  salinity, 
and  computed  flow  discharges,  respectively,  during  the  neap  tide  observation. 
During  this  observation,  31  mm  of  total  rainfall  was  recorded.  The  runoff 
became  remarkable,  especially  at  400  hours.  Computed  discharges  of  the  upper 
end  include  both  those  of  the  upper  end  and  the  tributaries. 
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Figure  10.  Change  of  computed  discharge. 


Figure  9  shows  smaller  scale  changes  of  salinity  than  those  in  the  spring 
tide.  Intrusion  of  saltwater  past  Shinkahei  Bridge  cannot  be  recognized. 

Storm  runoff  after  400  hours  reduces  salinity  greatly. 

Numerical  simulations  using  the  same  parameters  as  those  in  the  spring 
tide  give  the  results  marked  by  •  in  Figure  11.  By  comparing  them  with  those 
marked  by  O  (measured),  good  agreement  to  some  extent  is  obtained'  throughout 
the  reach  until  the  runoff  begins.  After  runoff  begins,  agreement  is 

quite  poor,  especially  in  the  upper  reach. 

Several  improvement  techniques  tan  be  considered.  Figure  11  shows  the 
tendency  to  agree  well  if  the  fall  velocity,  w  ,  is  reduced  longitudinally 
after  600  hours.  Considering  that  the  variation  of  w  is  considerably  greater 
than  that  of  W  along  with  salinity  variations  and  tha?  Figure  9  shows  the 
longitudinal  and  continuous  variation  of  salinity  after  600  hours  (this  means 
the  longitudinal  and  continuous  entrainment  of  saltwater  into  runoff  water), 
it  seems  rational  to  give  a  longitudinal  change  in  the  value  of  the  fall 
ve loc i ty . 

Simulation,  giving  a  stepwise  variation  of  the  fall  velocity  as  shown  in 
Figure  12  only  after  600  hours,  results  in  the  data  marked  by  A  in  Figure  11. 

This  small  improvement  in  the  simulation  resulted  in  significantly 
improved  accuracy  throughout  the  computed  reach. 
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Figure  12.  Change  of  according  to  reach  distance 
CHARACTERISTICS  OF  SS  LOAD  PASSING  THROUGH  THE  STATIONS 

The  numerical  simulation  model  presented  here  can  be  used  with  some 
accuracy  for  predicting  SS  concentrations  in  Ayase  River  at  desired  points 
under  several  hydraulic  conditions  with  longitudinal  movement  in  suspension 
and  deposition  of  SS. 

Longitudinal  characteristics  of  movement  and  deposition  of  SS  along  the 
reach  concerned  are  estimated  by  computing  24-hour  load  integration  at  the 
observed  stations  both  in  the  spring  and  neap  tide.  Figures  13  and  14  show 
the  integrated  SS  load  for  a  24-hour  period.  Figure  13,  at  the  spring  tide, 
demonstrates  a  go-and-return  movement  of  SS  load  following  the  tidal  motion, 
especially  at  the  lower  reaches.  However,  even  at  these  points,  net  SS  load 
is  transmitted  downstream. 

The  quantity  of  transport  is  very  small  at  the  upper  reaches.  The 
integrated  volume  for  24  hours  at  each  station  becomes  greater  the  farther 
downstream  one  goes.  At  spring  tide,  this  means  SS  load  is  transported  down¬ 
stream  and  the  erodible  river  reach  incurs  a  small  amount  of  deposition. 

On  the  other  hand,  at  neap  tide,  including  the  storm  runoff  event,  the 
amount  of  silt  transport  is  small  and  a  considerable  amount  of  SS  load  occurs 
when  a  rainfall  of  35  mm  is  recorded  (SS  load  transport  intensity  per  unit 
time  is  great,  especially  at  upper  and  middle  reaches,  and  matches  the  spring 
tide)  . 


Integrated  volumes  for  24  hours  show  the  erosion  between  Yanaginomiya 
Bridge  and  Takumi  Bridge  and  deposition  between  Nakano  Bridge  and  Kinegawa 
Bridge.  The  greater  amount  of  deposition  downstream  of  Nakano  Bridge  includes 
the  loss  due  to  the  outflow  from  the  Ayase  River  to  the  Ara  River. 
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Figure  14.  Time  integration  of  SS  load,  neap  tide 

In  conclusion,  the  observed  reach  of  Ayase  River  is  expected  to  have 
erodible  channels  during  spring  tide,  small  amounts  of  SS  transport  during 
neap  tide,  and  more  depositipnal  channels  downstream  of  Nakano  Bridge  when 
storm  runoff  occurs. 

It  will  be  possible  to  predict  depositional  behaviors  (Figure  3)  along 
the  observed  reach  if  several  observations  are  made  during  storm  runoff 
events  . 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  following  conclusions  and  recommendations  can  be  drawn  from  this 

study: 

a.  Suspended  solids  transport  along  tne  Ayase  River  reach  is 
numerically  simulated  using  a  one-dimensional  and  one-layer 
model.  The  concept  of  the  erosion  velocity  is  used  which  is 
determined  qualitatively  based  on  experiments. 

b.  The  simulation  is  satisfactory  under  the  condition  of  a  constant 
w^  value  both  at  spring  and  neap  tides. 

c.  In  case  of  a  storm  r-*noff,  in  which  the  ruioff  rate  is  not  negli¬ 
gible,  longitudinal  hanges  of  the  w  value  with  the  salinity 
level  provide  a  useful  tool  in  obtaining  a  satisfactory 
simulation. 

d.  However,  relevant  values  of  w  with  the  runoff  sc*le  are  not 
now  known. 

e.  Under  the  hydraulic  condit’^is  that  cause  a  definite  salt  wedge 

to  form,  the  simulation  1  can'  > t  be  applied. 
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ABSTRACT 

The  environmental  movement  in  the  United  States 
of  the  early  and  mid-seventies  began  exacting  its 
toll  on  the  ports  of  the  country  in  the  late  seventies. 
This  toll  is  in  the  form  of  time  delays  in  obtaining 
dredging  and  dredged  material  disposal  permits,  denial 
of  permits,  delayed  capital  Investment  improvements, 
increased  investment  and  operation  and  maintenance 
costs,  and  lost  revenues.  To  counter  these  Impacts 
and  to  seek  state-of-the-art  practices  in  dredging 
and  dredged  material  disposal  activities,  both  the 
American  Association  of  Port  Authorities  and  the 
International  Association  of  Ports  and  Harbors  estab¬ 
lished  ad  noc  dredging  committees.  Since  late  1979 
these  two  organizations  separately  and  jointly  have 
pursued  similar  goals  to  obtain  political  recognition 
and  acquire  influence  to  alter  United  States  legisla¬ 
tion  and  international  convention.  Decisions  governing 
ports  and  port  operations  engaged  in  international 
trade  must  be  made  in  the  overall  public  Interest  and 
welfare  and  not  excessively  hampered  by  environmental 
considerations  alone.  Achieving  organizational  goals 
will  require  continued  effort,  organizational  funding, 
and  exploitation  of  opportunities  to  tell  the  story. 


INTRODUCTION 

Dredging  and  disposal  of  dredqed  material  are  essential  operations  in 
maintaining  the  navigability  and  economic  vitality  of  ports  throughout  the 
world.  In  t"e  United  States,  more  than  three  hundred  and  fifty  (350)  mil¬ 
lion  cubic  yards  of  dredged  material  per  year  are  dredged  from  more  than  100 
port';  serving  the  nation.  More  often  than  not,  viable  disposal  options  are 


limited,  and  ocean  disposal  of  this  material  becomes  the  most  economical 
alternative,  least  damaging  to  the  environment,  and  the  only  practical  meth¬ 
od  of  disposal . 

One  example  of  the  importance  of  ocean  disposal  of  dredged  material  to 
United  States  ports  and  the  national  economy  of  the  counttry--and  one  which  1 
am  most  closely  associated  with--is  the  situation  in  the  lower  Mississippi 
River.  Here,  there  has  developed  a  vast  deep-draft  port  complex  stretching 
from  Baton  Rouge  to  New  Orleans  to  the  Gulf  of  Mexico--essential ly  a  234-mile- 
long  port  complex  that,  in  1979,  handled  364  million  tons  of  waterborne 
cargo,  foreign  and  domestic,  excluding  shallow-draft,  through-traffic  cargo. 
The  Port  of  New  Orleans,  itself,  has  become  the  number  one  port  in  the 
United  States  in  total  waterborne  commerce,  foreign  and  domestic,  deep-  and 
shal low-draft,  ocean  and  coastwise  commerce  tonnage  at  177.3  million  tons 
in  1980.  According  to  the  Department  of  Commerce,  the  Poirt  of  New  Orleans 
retained  its  number  one  position  in  foreiqn  waterborne  commerce  with  58.3 
million  tons  in  1981,  while  Baton  Rouge  was  listed  as  fifth  in  the  United 
States  with  30.8  million  tons. 

I 

Maintaining  oceangoing  vessel  depths  at  the  Mississippi  River-Gulf 
Outlet  and  the  Southwest  Passes  of  the  Mississippi  River  to  the  Gulf  of 
Mexico  has  necessitated  dredging  over  the  past  three  years  with  an  annual 
average  disposal  of  6.24  million  cubic  yards  of  dredged  material  into  ocean 
waters.  Due  to  location  and  volume  alone,  ocean  disposal i of  dredged  material 
is  the  only  feasible  method  of  keeping  this  vital  shipping  area  open. 


OISPOSAL  OPERATIONS  ANO  ASSESSING  THE  ENVIRONMENT 

! 

Ocean  disposal  operations,  however,  have  come  under  Close  er.vi ronmental 
scrutiny.  Many  ports  throughout  the  world,  and  particularly  those  in  the 
United  States,  are  experiencing  increased  difficulty  in  obtaining  the  necessary 
government  permits  to  accomplish  the  dredging  required  foit  normal  operation 
and  maintenance  activities  as  well  as  capital  improvements.  Periodic  main¬ 
tenance  dredging  is  essential  for  operations  at  seaports.!  Delays  in  per¬ 
forming  this  maintenance  often  mean  lost  revenues ,  increased  shipping  costs, 
and  decreased  port  efficiency.  These  impacts  affect  the  Very  economic 
vitality  of  a  port . 

The  ports  of  the  United  States  began  feeling  the  pressures  generated  by 
new  en\ i ronmenta 1  laws  during  the  early  and  mid  7 Q 1 s .  Mandates  of  the 
National  Environmental  Policy  Art  of  1969;  the  Federal  Water  Pollution  Con¬ 
trol  Act  of  1972.  the  Marine  Protection,  Research,  and  Sanctuaries  Act  of 
197..’;  and  other  federal  laws  impacted  expansively  on  the  '(cope  and  complexity 
gf  *  he  federal  regulatory  program  over  port  and  channel  construct  ion  and 
Operation  and  maintenance  activities.  The  Administrator  rjf  the  Env i ronmenta 1 
protect  ion  Agency  (E?A)  ,  in  conjunction  with  the  Secretary  of  the  Army,  was 
reouirori  to  teye ]  >y\  regulations  controlling  dredging  and  filling  activities 
in  wafers  of  the  United  States  and  adjacent  wetlands  and  Controlling  disposal 
of  dredged  material  in  ocean  waters  (ocean  dumping) .  These  activities  require 


evaluation  and  assessment  of  probable  impacts  on  the  marine  environment, 
wildlife  habitats,  and,  in  general,  the  overall  environment  of  man  to 
include  the  impact  on  the  well-being  of  man,  himself. 

Chemical  analyses  of  materials  to  be  dredged  were  required  after  the 
regulations  were  promulgated  in  1974  and  1975.  Soon  afterward,  water  column 
chemistry  was  additionally  required  in  the  preparation  of  impact  assessments. 
The  degree  of  testing  accuracy  was  greatly  increased  when  EPA  published  its 
"Quality  Criteria  for  Water"  in  July  of  1976.  Costs  and  time  required  to 
obtain  permit  approval  were  increased  considerably. 

On  January  11,  1977,  the  United  States  Environmental  Protection  Agency 
revised  the  "Ocean  Dumping"  regulations  and  criteria,  requiring  additional 
testing  of  materials  to  be  dredged.  An  interim  test  procedure  called 
"bioassay"  was  included.  Marine  organisms  such  as  juvenile  shrimps,  clams, 
worms,  and  fishes  are  exposed  to  sediments  and  water  taken  from  the  site  to 
be  dredged.  Organism  survival  is  evaluated  after  ninety-six  hours.  After 
ten  days,  the  tissues  of  certain  surviving  organisms  are  analyzed  for 
chemical  content  which  would  provide  an  indication  of  potential  for  bio¬ 
accumulation.  On  September  7,  1977,  the  bioassay  test  procedure  became 
mandatory  in  evaluating  ocean  disposal  of  dredged  material. 

A  Case  Study--Port  of  Lake  Charles  and  Calcasieu  River 

On  November  22,  1977  ,  the  U.  S.  Army  Corps  of  Engineers  notified  Region 
VI,  U.  S.  Env i ronmenta 1  Protection  Agency,  of  the  intent  to  perform  main¬ 
tenance  dredging  of  the  Gulf  approach  channel  to  the  Calcasieu  River  and  its 
inland  reach. 

Considerable  discussion  developed  over  the  need  for  bioassays  because 
of  exclusions  provided  for  in  the  regulations.  On  February  15,  1978,  EPA 
refused  approval  of  the  permit  until  receipt  of  bioassa;-  results.  Bioassays 
were  tnen  r un  by  a  contractor,  but  results  indicated  a  potential  for  acute 
toxicity  for  fnarine  organisms  in  direct  contact  with  the  sediments.  The  EPA 
again  disapproved  the  disposal  operations,  and,  thus,  the  dredging,  on  July 
3,  1978. 

The  "Ocean  Dumping"  '•egulations  provide  that  if  the  material  proposed 
for  dumping  does  not  meet  the  criteria,  the  District  Engineer  may  determine 
that  no  economically  feasible  alternative  method  or  site  is  available  and  so 
notifies  EPA's  Regional  Administrator.  The  District  Engineer  submitted  a 
report  of  these  findings  to  the  Chief  of  Engineers  on  October  11  ,  1978,  and 
requested  that  he  certify  these  facts  to  the  Secretary  of  the  Army  and 
request  that  the  Secretary  seek  a  waiver  of  the  criteria  from  the  Admin¬ 
istrator.  Additional  supoortive  information  was  provided  to  the  Office  of 
the  Chief  of  Engineers,  and  the  Secretary  of  trv*  Army  subsequently  requested 
the  waiver  from  the  Administrator ,  EPA,  on  February  7,  1979.  Aqain,  addi¬ 
tional  information  was  requested  by  EPA  (this  was  the  first  waiver  request 
which  they  had  received).  On  Aoril  18,  1979,  EPA  granted  a  partial  waiver  to 
Mile  10  for  maintenance  dredging.  Eighteen  months  elapsed  from  the  time  of 
the  original  reo'jest  to  granting  of  the  partial  waiver--and  it  was  not  until 
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January  7,  1981,  that  the  Admi ni strator  of  the  EPA  informed  the  Secretary 
of  the  Army  that  he  granted  unconditional  approval  fo-  the  disposal  of  the 
maintenance  dredging  material  from  the  entire  requested  dredging  area  into 
the  ocean.  In  rendering  his  determination,  he  found  that  such  dumping  would 
not  cause  undue  degradation  to  the  marine  environment.  In  reaching  this 
decision,  a  period  of  over  three  years  had  elapsed. 

Such  delays  are  costly.  But  even  more  staggering  is  the  fact  that  if 
this  problem  had  not  been  resolved  and  alternative  disposal  sites  had  been 
required,  the  annual  maintenance  dredging  costs  would  have  escalated  from 
$1.1  million  to  $62.9  million  as  measured  against  an  annual  project  benefit 
of  only  $21.0  million.  It  would  have  also  involved  thousands  of  acres  of  new 
dredged  material  disocsal  areas. 

■  ORGANIZING  FOR  SURVIVAL 
The  American  Associatio n  of  Port  Authorities 

In  response  to  such  ever-increasing  problems  of  delays  and  escalating 
costs  and  to  continue  efforts  of  those  proposing  more  stringent,  if  not 
always  applicable,  testing  procedures.  The  American  Association  of  Port 
Authorities  (AAPA)  established  an  Ad  Hoc  Committee  on  Dredging  in  June,  1979. 
(The  Committee  is  now  known  as  the  Special  Dredging  Committee.)  Its  estab¬ 
lishment  was  recognition  that  the  then  existing  AAPA  Committee  structures  and 
ensuing  resolutions  were  ineffective  in  moderating  the  trend  toward  increasing 
envi ronrental  restrictions  on  dredging  activities.  Early  on,  goals  were 
established.  These  goals  included  the  identification  and  documentation  of 
those  laws,  rules,  regulations,  agencies,  procedures,  and  agreements  which 
are  creating  dredging  problems.  Targeted  for  study  were  concerns  over  miti¬ 
gation,  compensation,  endangered  species,  bioassay  test  criteria,  local 
costs,  permit  delays,  and  interagency  agreement.  Additionally,  the  Conmittee 
was  charged  with  developing  recommended  revisions  to  existing  regulations  and 
procedures  that  would  provide  needed  relief  as  well  as  the  necessary  docu¬ 
mentation  to  suoport  those  revisions.  Finally,  the  new  Committee  was 
instructed  to  develop  a  strategy  to  be  used  to  achieve  adoption  and  imple¬ 
mentation  of  these  revisions  and  to  compile  data  on  key  legislators, 
committees,  boards,  and  admi nistrators  to  whom  these  revisions  must  be 
officially  transmitted. 

The  International  Ass ociation  of  Ports  and  Harbors 

In  early  1980,  a  similar  committee  to  coordinate  on  the  international 
scene  was  established  by  the  International  Association  of  Ports  and  Harbors 
( I APH ) . 

At  the  I APH  Executive  Board  Meeting  in  Brisbane,  Australia,  in  April, 
1980,  there  vas  considerable  discussion  of  the  problems  that  the  United 
States  ports  had  been  encountering  in  their  attempts  in  recent  years  to 
dredge  their  facilities.  The  Board  recognized  that  those  difficulties 
stemmed  in  a  large  measure  from  the  United  States  being  party  to  the  "Con¬ 
vention  on  the  Prevention  of  Marine  Pollution  by  the  Dumping  of  Wastes  and 
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Other  Matter,"  negotiated  in  London  in  November  of  1972,  and  more  commonly 
called  the  "London  Dumping  Convention"  (LDC).  Further,  the  Board  agreed 
that  it  would  be  to  the  benefit  of  the  IAPH  membership  to  develop  a  better 
understanding  of  port  dredging  practices  and  the  relationship  of  those  prac¬ 
tices  to  the  terms  of  the  London  Dumping  Convention. 

The  missions  of  the  International  Ad  Hoc  Dredging  Committee  are: 

1.  To  review,  report,  advise,  and  submit  recommendations  on  major 
matters  relating  to  seaport  and  inland  port  dredging  and  dredging  equipment; 

2.  To  meet  with  and  coordinate  with  the  London  Dumping  Convention  and 
the  Inter -Governmental  Maritime  Consultative  Organization  (IMCO),  the  latter 
being  the  organization  iesignated  to  serve  as  the  Secretariat  to  the  LDC; 

3.  To  develop  a  program  on  disposal  of  dredged  material  problem  areas 
for  inland  ports; 

4.  To  publish  an  inventory  of  dredging  equipment  owned  by  dredging 
companies  worldwide,  including  a  special  section  on  new,  innovative  equipment; 

5.  To  collect  and  publish  information  on  the  state  of  the  art; 

6.  To  publish  an  information  brochure  on  sources  of  information  and 
assistance  on  dredging  techniques  and  types  of  equipment  best  suited  for 
giyen  situations. 


WORKING  TOWARD  THE  GOALS 

These  two  committees,  the  Ad  Hoc  Dredging  Committee  of  the  IAPH  and  the 
Special  Dredging  Committee  of  the  AAPA,  have  pushed  forward  in  their  efforts 
to  resolve  regulatory  problems  confronting  the  industry  and  to  seek,  as  well, 
solutions  that  are  environmentally  and  economically  sound. 

On  March  14,  1980,  AAPA  representati ves  appeared  before  the  House  Com¬ 
mittee  on  Merchant  Marine  and  Fisheries  to  deliver  a  supporting  statement  on 
H.  R.  6361,  entitled  "A  Bill  to  Amend  the  Marine  Protection,  Research  and 
Sanctuaries  Act  of  1972  in  Order  to  Suspend  Temporarily  the  Use  of  Bioaccu- 
mulation  and  Biomagnification  Testings  in  the  Evaluation  of  Applications 
Relating  to  Ocean  Dumping  of  Dredged  Material,  and  for  Other  Purposes." 

As  a  result  of  this  hearing,  action  was  taken  to 
develop  proposed  amendments  to  the  Marine  Protection, 

Research,  and  Sanctuaries  Act  of  1972.  These  amend¬ 
ments,  which  would  resolve  many  dredging  problems, 
were  provided  to  several  U.  S.  Representatives  who 
promised  to  co-sponsor  the  necessary  legislation. 

Through  a  meeting  on  March  19,  1980,  the  White  House  authorities  of  the 
Carter  Administration,  the  Special  Dredging  Commi ttee,  and  the  AAPA  at  large 
derived  substantial  benefits  and  positive  direction.  The  meeting  included 


AAPA  leadership  members  and  was  held  to  provide  an  opportunity  for  discussing 
dredging  problems.  The  group,  including  myself  as  the  AAPA  Special  Dredging 
Task  Force  Chairman,  met  with  Mr.  William  G.  Simpson,  Deputy  Assistant  to  the 
President;  and  Mr.  David  M.  Rubenstein,  an  Assistant  to  Mr.  Stuart  E. 
Eizenstat,  Assistant  to  the  President  for  Domestic  Affairs  and  Policy.  Our 
appeal  for  support  in  dredging  activities  was  delivered.  We  were  cautioned 
that  budgets  were  being  cut.  Mr.  Simpson  later  advised  us  that  we  needed  to 
make  stronger  and  more  frequent  representations  to  Congress  and  involved 
government  agencies. 

The  members  of  the  AAPA  Special  Dredging  Committee  believed  that  the 
AAPA  could  provide  influence  on  ocean  dumping  controls  if  AAPA  became  in¬ 
volved  in  the  United  States  EPA-chaired  Committee  on  Ocean  Dumping,  a  Subcom¬ 
mittee  of  the  U.  S.  State  Department  Shipping  Coordinating  Committee.  This 
Subcommittee  was  formed  in  1 >76  to  provide  an  opportunity  for  public  and 
government  interagency  comments  and  advice  on  United  States  policy  relating 
to  the  London  Ocean  Dumping  Convention.  As  Chairman  of  AAPA's  newly  organ¬ 
ized  Dredging  Committee,  I  requested  in  June,  1979,  that  the  EPA  appoint  me 
as  a  member  of  the  Committee  on  Ocean  Dumping,  also  frequently  referred  to  as 
the  "Advisory  Committee  on  Ocean  Dumping."  The  appointment  was  finalized  on 
August  15,  1979. 

Fifth  Consultative  Meeting,  1980 


During  1980,  it  became  apparent  that  the  EPA-chaired  Committee  on  Ocean 
Dumping  was  dominated  by  the  outlook  of  the  parent  agency  (EPA)  and  sometimes 
unfounded  concerns  of  environmental  organizations  and,  thus,  would  not  pro¬ 
vide  the  vehicle  to  influence  ocean  dumping  criteria  so  as  to  enhance 
dredging  programs  clearly  in  the  national  interest.  A  direct  appeal  to  the 
London  Convention  appeared  to  be  the  only  hope.  This  was  achieved  through 
the  cooperation  and  assistance  of  Mr.  Anthony  J.  Tozzoli,  Port  Authority  of 
New  York  and  New  Jersey,  who  is  a  Vice  President  of  the  International  Asso¬ 
ciation  of  Ports  and  Harbors  and,  at  the  time,  was  also  Chairman  of  that 
organization's  Dredging  Committee.  Through  his  good  offices,  it  was  possible 
to  arrange  for  the  AAPA  Dredging  Committee  Chairman,  who  is  also  a  member  of 
the  IAPH  Dredging  Committee,  to  head  an  IAPH  delegation  with  observer  status 
at  the  1980  Fifth  Consultative  Meeting  of  the  Contracting  Parties  to  the 
London  Oumping  Convention  held  in  London,  September  22-25,  1980.  This  con¬ 
vention  is  the  major  global  treaty  governing  the  ocean  dumping  of  wastes, 
including  dredged  materials.  It  should  be  noted  that  as  signatory  to  this 
convention,  the  United  States  is  bound  by  the  adopted  international  rules  and 
criteria  in  promulgating  national  laws  and  regulations. 

In  appearing  before  the  London  Convention,  the  IAPH  representati ve  pre¬ 
sented  a  position  Daper  directing  the  attention  of  the  Contracting  Parties  to 
possible  i nterpreta ti ons  of  the  terms  of  the  LDC  and  their  subsequent  appli¬ 
cation  to  ocean  disoosal  operations  of  dredged  material.  Aoplication  of 
differing  interpretation  could  result  in  an  absolute  prohi bi tion  of  ocean 
dumping  of  dredged  ma teri a  1 --even  when  there  may  be  no  feasible  or  practical 
alternative  means  of  disposal,  and  even  when  the  disposal  might  be  safely 
carried  out  if  special  care  is  taken.  This,  it  was  pointed  out,  could 


threaten  world  ports  with  closures  resulting  in  devastating  economic  impacts 
upon  the  flow  of  international  commerce.  IAPH  urged  the  Contracting  Parties 
to  consider  these  possible  effects  upon  port  operations.  The  IAPH  also  pro¬ 
posed  a  study  on  the  dredged  material  issue  with  a  view  toward  adopting 
whatever  changes  are  needed  in  the  LDC  to  ensure  that  there  will  be  no  un¬ 
intended  or  unnecessary  interference  with  essential  port  operations. 

The  concerns  expressed  by  the  IAPH  delegation  at  the  Fifth  Consultative 
Meeting  were  well  received.  The  Contracting  Parties  recognized  the  signif¬ 
icance  of  the  technical  issues  raised  by  the  IAPH,  namely,  the  use  of 
"special  care"  in  the  ocean  dumping  of  dredged  material.  The  consultative 
parties  directed  that  these  issues  be  considered  by  the  Ad  Hoc  Scientific 
Group  of  the  Convention  at  its  next  intersessional  meeting  of  May,  1981,  and 
to  report  to  the  Convention  3t  the  Sixth  Consultative  Meecing  held  in  London 
in  October,  1981.  The  Contracting  Parties  also  agreed  to  consider  during  the 
intersessional  period  administrate  ve/legal  issues  raised  by  IAPH  as  they 
relate  to  the  application  of  the  Convention  and  to  address  such  issues  at  the 
Sixth  Consultative  Meeting  of  the  LDC. 

IAPH  employed  a  technical  consultant  in  the  environmental  field.  Dr. 
Willis  E.  Pequegnat,  an  oceanographer  for  Texas  ASM  University,  to  develop 
on  a  priority  basis  a  technical  paper  for  presentation  to  the  international 
Ad  Hoc  Scientific  Group.  The  paper  focused  upon  the  "special  care"  measures 
raised  by  the  IAPH  delegation  during  the  Fifth  Consultative  Meeting.  Dr. 
Pequegnat  advanced  the  basic  premise  that  ways  must  be  found  to  permit  ports 
and  harbors  to  continue  the  dredging  of  new  and  existing  waterways  to  ensure 
the  safe  passage  of  commercial  shipping.  He  outlined  a  number  of  techniques 
(clean  material  capping,  borrow  pit  disposal,  split-side  disposal,  deep  ocean 
disposal,  hypersaline  basin  di sposal ,  submarine  canyon  disposal,  and  erection 
of  offshore  islands)  for  the  disposal  in  the  marine  environment  of  dredged 
material  containing  Annex  I  substances  under  the  London  Dumping  Convention. 

Ad  Hoc  Scientific  Group  Report  on  Dredged  Material  (Paraphrased) ,  1981 

As  a  result  of  the  Ad  Hoc  Scientific  Group's  considering  the  IAPH  docu¬ 
ment  at  its  intersessional  meeting  in  May  of  1981  in  Halifax,  Canada,  the 
Group  rendered  a  report  to  the  Convention. 

There  was  general  agreement  that,  while  many  of  the  special  measures 
showed  promise  for  future  use,  there  was  very  little  information  on  the  extent 
to  which  the  techniques  would  be  successful  in  practice.  The  Ad  Hoc 
Scientific  Group,  therefore,  agreed  that  dredged  material  (spoil)  disposal 
operations  involving  special  care  techniques  should  be  conducted  as  field 
research  studies  to  gather  experience  with  a  view  to  allowing  "special  care" 
measures  to  be  used  on  a  routine  basis. 

The  Ad  Hoc  Scientific  Group  agreed  that  existing 
regulations  or  the  interpretation  of  the  terms  "trace 
contami nants"  or  "rapidly  rendered  harmless"  in 
respect  to  Annex  I  contamination  of  dredged  spoil 
could  be  interpreted  to  allow  national  authorities  to 
evaluate  research  results  and  utilize,  as  appropriate. 


"special  care"  measures  in  the  disposal  of  dredged 
spoil.  These  measures  should  ensure  that  disposal 
was  conducted  in  a  manner  which  would  avoid  undesir¬ 
able  effects,  especially  the  possibility  of  acute  or 
chronic  toxic  effects  on  marine  organisms  or  human 
health  whether  or  not  arising  from  bioaccumulation  in 
marine  organisms,  and  especially  in  food  species. 

The  Ad  Hoc  Scientific  Group,  therefore,  recom¬ 
mended  to  the  Consultative  Meeting  that  Contracting 
Parties  should  take  note  of  the  possibility  of  using 
"special  care"  methods  as  suggested  by  the  IAPH  where 
disposal  of  dredged  spoil  contaminated  by  Annex  I 
substances  is  being  considered.  The  Group  also  recom¬ 
mended  that  Contracting  Parties  should  be  invited  to 
submit  details  of  any  experience  gained,  with  respect 
to  using  these  methods,  to  future  meetings  of  the  Ad 
Hoc  Scientific  Group. 

The  significance  of  the  issues  raised  was  highlighted  not  only  by  the 
attention  that  will  be  given  by  the  Contracting  Parties,  but  also  by  the 
inquiry  received  from  Mr.  P.  A.  Haywood,  Secretary  of  the  OSLO  Coimiission 
(which  administers  the  OSLO  Convention,  governing  the  ocean  dumping  of 
wastes,  including  dredged  material,  in  the  North  Sea).  Mr.  Haywood  attended 
the  Fifth  Consultative  Meeting  in  London  as  an  observer  for  the  OLSO  Commis¬ 
sion  and  expressed  great  interest  in  the  IAPH  position.  He  requested  that 
the  IAPH  furnish  to  him  a  copy  of  any  statements  which  had  been  prepared 
addressing  thi?se  concerns,  as  well  as  any  studies  which  may  be  available 
(or  which  may  be  prepared)  by  the  IAPH  concerning  the  ocean  dumping  of 
dredged  material . 

Sixth  Consultative  Meeting,  1981 

Later,  at  the  Sixth  Consultative  Meeting  in  London,  in  October  of  1981, 
IAPH  additionally  invited  the  Contracting  Parties  to  express  their  views  upon 
the  applicability  of  the  "emergency"  provisions  of  the  Convention  to  the  dis¬ 
posal  of  dredged  material  containing  Annex  I  substances  which  may  not  be 
within  the  "trace  contaminant"  and  "rapidly  rendered  harmless"  exception 
provisions  to  Annex  I  materials.  On  the  issue  of  "special  care"  measures,  we 
received  support  for  the  Contracting  Parties  by  the  acceptance  of  the  recom¬ 
mendations  of  the  Ad  Hoc  Scientific  Group.  At  the  same  time,  the  IAPH  con¬ 
firmed  its  continuing  interest  in  the  consideration  of  "special  care"  measures 
at  future  meetings  of  Contracting  Parties  and  the  Ad  Hoc  Scientific  Group 
and  extended  a  continuing  offer  of  technical  expertise  in  matters  relating 
to  dredged  material.  With  regard  to  utilizing  the  "emergency"  provisions  of 
the  Convention,  the  delegates  expressed  a  decided  preference  of  using  one  of 
the  "special  care"  techniques  proposed  by  the  IAPH  rather  than  consider  the 
matter  under  the  "emergency"  clause. 
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Also,  while  in  London  for  the  Consultative  Meeting,  members  of  the  IAPH 
delegation  met  with  members  of  the  International  Association  of  Hredging 
Companies  to  initiate  a  cooperative  joint  effort.  I  am  pleased  to  report  at 
this  time  that  the  work  of  both  associations  has  led  to  developing  a  draft 
for  a  "Dredging  Reference  Book  for  Developing  Nations."  The  final  proofs 
will  be  available  for  review  in  December,  and  we  plan  to  have  the  book  in 
print  in  early  spring  of  1983. 

Continued  cooperation  between  the  AAPA  Special  Dredging  Committee  and 
the  IAPH  Ad  HocjDredging  Committee  is  mutually  beneficial  and  serves  to 
intensify  the  efforts  of  both  associations.  These  two  committees  jointly 
developed  questionnaires  for  all  ports,  worldwide.  These  questionnaires 
were  designed  to  determine  the  effect  of  national  and  international  legal 
and  regulatory  controls  on  dredging  efficiency.  The  final  report,  "A  Survey 
of  World  Port  Practices  in  The  Ocean  Disposal  of  Dredged  Material  as  Related 

,"  was  published  in  April,  1981. 


Within  the  United  States,  experience  has  shown  that  an  inordinate  pro¬ 
portion  of  delays  in  granting  dredging  permits  stems  from  a  lack  of  an 
urgency,  or  of  a  law  requiring  an  urgency,  in  completing  interagency  coor¬ 
dination  reviews  within  a  reasonable  period  of  time.  In  this  respect,  our 
continuing  efforts  to  cause  reforms  in  the  Section  404/10  regulatory  programs 
have  been  partially  successful.  In  January  of  1982,  the  AAPA  wrote  to  the 
Vice  President  of  the  United  States  in  his  capacity  as  Head  of  the  President's 
Task  Force  on  Regulatory  Relief.  In  that  submission,  we  emphasized  that 
environmental  concerns  should  not  be  the  overriding  public  interest  factor  in 
issuing  or  denying  a  permit,  that  greater  use  of  general  permits  should  be 
made  in  permitting  maintenance  dredging  activities,  that  interagency  coor¬ 
dination  provide  for  greater  authority  for  the  Corps  of  Engineers,  and  that 
agency  periods  fdr  submitting  review  comments  be  reduced  along  with  estab¬ 
lishing  a  mandated  period  of  time  within  which  a  decision  must  be  made.  In 
May  of  1982,  the  Vice  President  issued  letter  instructions  to  concerned 
agencies  directing  administrative  reforms  along  the  lines  suggested  and  not 
consistent  with  existing  laws. 

I 

Hearings  on  the  Reauthorizaticn  of  the  Marine  Protection,  Research  and 
Sanctuaries  Act  of  1972  (1982) 

In  June  of  this  year  representatives  of  AAPA  again  appeared  before  a 
subcommittee'  of  the  House  of  Representatives  to  voice  concern  in  the  direction 
that  the  Committee  appeared  to  be  headed  in  reauthorizing  Title  I  of  the 
Marine  Protection,  Research  and  Sanctuaries  Act  of  1972.  The  Senate  Environ¬ 
ment  and  Public  Works  Committee  approved  a  bill  earlier  this  year  to  be 
presented  to  thelfuli  Senate  that  provided  for  a  straight  one-year  author¬ 
ization  of  the  Marine  Protection,  Research  and  Sanctuaries  Act.  The  version 
under  consideration  by  the  House  Subcomittee  provided  for  an  amendment  that 
es:°ntially  would  make  the  London  Dumping  Convention  a  self-executing  treaty. 
Treai/es  are  of  two  kinds;  those  that  are  self-executing  and  those  that 
require  enabling  legislation.  The  London  Dumping  Convention  is  not  self- 


to  The  London  Dumping  Convention 


Section  404/10  Regulatory  Rel ief 
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executing.  It  was  drafted  in  general  terms  for  subsequent  implementation 
by  signatory  countries  according  to  their  national  authorities.  We  strongly 
opposed  any  "Convention  Adherence"  language  being  inserted  as  an  amendment 
to  the  Marine  Protection,  Research  and  Sanctuaries  Act  of  1972.  To  suggest 
a  separate  application  of  the  Convention  apart  from  the  national  Marine 
Protection,  Research  and  Sanctuaries  Act  would  directly  interfere  with  the 
administration  of  a  national  ocean  dumping  program.  Such  a  provision  would 
open  the  doors  to  innumerable  litigation  proceedings  whenever  one  was  dis¬ 
satisfied  with  decisions  and  permit  conditions  rendered  under  the  national 
Marine  Protection,  Research  and  Sanctuaries  Act  program. 

During  the  week  of  September  20,  the  House  of  Representatives  passed 
H.  R.  6113.  In  a  supporting  floor  statement,  a  Committee  member  made  very 
clear  that: 

"  Nothing  in  Section  5,  or  in  any  other  provision 
of  the  compromise  version  of  H.  R.  6113  tnat  we  bring 
to  the  floor  today  is  intended  to  change  the  nature  of 
the  London  Dumping  Convention  to  accord  'self-execu- 
ting'  status  to  the  Convention,  or  to  obviate  the 
requirement  for  the  Convention's  legally  binding  pro¬ 
visions  to  be  implemented  domestically  through  pro¬ 
mulgation  of  necessary  rules  and  regulations.  Currently 
the  London  Dumping  Convention  and  its  annexes  have  no 
independent  status  providing  the  basis  for  judicial 
challenge  of  any  action  by  the  Administration  or 
Secretary,  or  of  any  recipient  of  a  permit  issued  under 
the  act,  beyond  relevant  implementation  through  the 
act.  This  situation  is  intended  to  be  unchanged  by 
H.  R.  6113." 

We  were  also  pleased  to  learn  that  Representative  Clausen,  ranking 
minority  member  to  the  Public  Works  Committee,  further  stated  that: 

"It  is  further  the  strong  intent  of  the  committees 
that  necessary  dredging  and  disposal  of  dredged 
materials  must  continue  in  order  to  maintain  the  vital 
flow  of  commerce  through  our  nation's  ports." 

United  States  Environmental  Protection  Agency  Ocean  Dumping  Advisory 
Committee,  1982 
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In  preparing  for  the  Sixth  Meeting  of  the  Ad  Hoc  Scientific  Group  on 
Dumping  that  was  held  in  Paris  on  September  27  to  October  1,  1982,  I  had  the 
privilege  to  appear  before  the  United  States  Environmental  Protection  Agency 
(EPA)  Ocean  Dumping  Advisory  Committee  on  September  16  as  representative  of 
the  AAPA  for  the  purpose  of  presenting  the  views  of  AAPA  and  encouraging 
their  adoption  as  the  United  States'  position.  These  views  will  be  discussed 
in  more  detail,  shortly. 
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We  were  not  entirely  successful  in  shaping  the  United  States'  position 
to  back  those  of  the  IAPH  relating  to  the  necessity  or  no  necessity  to  develop 
additional  standards  for  the  assignment  of  substances  to  Annex  I  or  II  of  the 
Convention  and  relating  to  the  use  of  "special  care"  measures  in  the  ocean 
dumping  of  polluted  dredged  material.  However,  the  United  States'  position 
as  adopted  did  support  the  following  concepts: 

•  With  few  exceptions,  impacts  of  ocean  disposal 
of  dredged  material  are  mainly  associated  with  physical 
effects.  These  effects  are  known  to  be  persistent  and 
often  irreversible.  The  biochemical  interactions, 
however,  are  infrequent  with  no  clear  trends,  and  bio¬ 
accumulation  of  metals  and  hydrocarbons  is  usually 
negligible.  Furthermore,  land-based  alternatives 
appear  to  offer  limited  additional  protection  in  rela¬ 
tion  to  human  impact  as  compared  to  ocean  discharge. 

Most  conventional  land-based  alternatives  often  result 
in  drastically  changed  geochemistry  of  the  dredged 
material  with  a  subsequent  enhanced  release  potential 
of  chemical  constituents  (especially  materials  such  as 
mercury  and  cadmium). 

•  Dredged  material  containing  Annex  I  constituents 
or  exhibiting  Annex  1  properties  can  be  safely  ocean 
disposed.  Annex  I  constituents  can  be  regarded  as  trace 
contaminants  through  application  of  disposal  site  selec¬ 
tion  and  management  to  minimize  unacceptable  adverse 
effects.  Ocean  disposal  can  be  carried  out  to  prevent 
hazard  to  human  health,  harm  to  living  resources  and 
marine  life,  oamage  to  amenities,  or  interference  with 
other  legitimate  uses  of  the  sea.  This  approach  is 
also  in  conformity  with  Annexes  II  and  III  of  the  Con¬ 
vention. 

•  Highly  contaminated  and  toxic  dredged  material 
can  be  disposed  of  in  open  water  if  special  care  is 

.  exercised  in  site  selection  to  ensure  that  the  material 
is  isolated  from  the  biotic  zone  and  if  the  approach 
involves  significant  disposal  site  management  (e.  g., 
capping,  selection  of  an  abiotic  area). 

•  There  is  no  single  disposal  alternative  for 
dredged  material  disposal  that  is  inherently  suitable 
for  a  region  or  a  group  of  projects  and  there  is  no 
single  alternative,  land  or  ocean  based,  that  presump¬ 
tively  results  in  impacts  of  such  nature  that  it  can  be 
categorically  dismissed  from  consideration  or  arbitrar¬ 
ily  chosen. 


Sixth  Meeting,  Ad  Hoc  Scientific  Group,  1982 


There  followed  in  Paris  in  late  September  of  this  year  the  Sixth  Meeting 
of  the  Ad  Hoc  Scientific  Group  (AHSG)  on  Dumping.  Our  IAPH  delegation  again 
attended  in  an  invited  observer  status  and  participated  in  the  consideration 
of  matters  relating  to  dredged  material.  Our  consultant,  Dr.  Willis  E. 
Pequegnat,  presented  an  update  regarding  the  experience  of  member  nations  in 
using  "special  care"  techniques  in  lessening  the  environmental  impact  of 
disposing  in  the  ocean  dredged  material  containing  Annex  I  and  other  toxic 
substances.  Several  delegations  questioned  whether  the  use  of  "special  care" 
measures  could  properly  fit  under  the  "rapidly  rendered  harmless"  exception 
clause  for  disposal  in  the  ocean  as  contained  in  Paragraph  8  of  Annex  I. 
Additionally,  they  requested  that  the  matter  be  referred  to  the  Se'/enth  Con¬ 
sultative  Meeting  in  London,  to  be  held  in  February  of  1983. 

Another  major  issue  taken  up  by  the  Scientific  Group  at  the  recent 
meeting  in  Paris  was  the  question  of  need  for  developing  additional  criteria 
for  classifying  substances  to  Annexes  I  or  II  of  the  Convention.  The  Ad  Hoc 
Scientific  Group  decided  to  make  a  stronger  effort  to  develop  additional 
criteria.  Considerable  support  was  expressed  for  the  adoption  of  "numerical 
standards"  for  classification  purposes  based  upon  laboratory  toxicity  testing 
and  bulk  sediment  analysis.  The  application  of  such  standards  to  dredged' 
macerial  could  have  disastrous  effects  upon  this  country's  ocean  dumping 
program.  It  would  threaten  an  even  greater  "overregulation"  of  dredged 
material--in  disregard  of  the  known  characteristics  of  sediment  that  mitigate 
the  effects  of  any  Annex  I  substances  that  may  be  present.  In  Paris,  we 
emphasized  the  different  treatment  that  should  be  given  dredged  material.  In 
recognition  of  these  port  concerns,  we  understand  that  the  Scientific  Group 
will  invite  IAPH  to  submit  a  paper  addressing  the  special  characteristics  of 
dredged  material  and  explaining  the  different  treatment  that  is  warranted. 
This  affords  an  excellent  opportunity  for  ports  to  affect  the  future  treat¬ 
ment  of  dredged  material  under  the  Convention  before  action  is  taken  by 
Contracting  Parties.  Any  action  taken  under  the  Convention  will,  of  course, 
have  direct  consequences  in  this  country,  since  adherence  to  the  Convention, 
as  promulgated  by  national  laws,  is  required  under  the  Marine  Protection, 
Research  and  Sanctuaries  Act. 

Preliminary  discussions  at  the  meeting  resulted  in  the  EPA  Committee 
on  Ocean  Dumping  concurring  with  the  preparation  of  a  report  and  joining 
with  the  Ad  Hoc  Scientific  Group  in  requesting  that  AAPA  and  IAPH  jointly 
prepare  the  report  in  time  for  consideration  at  the  next  meeting  of  the 
London  Dumping  Convention  during  the  period  February  14-18,  1983. 

Funding  the  Future 

As  in  everything  these  days,  availability  of  money  always  is  the  first 
hurdle.  We  at  AAPA  and  IAPH  have  held  discussions  with  the  Director  of  Ports 
and  Intermodal  Development,  United  States  Maritime  AdministratiOi. --hoping  to 
come  forth  with  a  grant  of  approximately  $10,000  to  partially  cover  the  cost 
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of  the  requested  research  that  is  to  be  completed  between  now  and  February 
14,  1983.  In  the  meantime,  we  are  reviewing  closely  our  projected  program 
and  budget  at  AAPA. 

Turning  ba^k  the  clock  to  June,  1979,  and  early  1980,  the  incipient 
years  of  the  Special  Dredging  Committee's  existence,  we  find  that  the  Port 
of  New  Orleans  supplemented  the  initial  $10,000  of  "seed  monies"  provided 
by  the  AAPA  general  fund  by  the  amount  of  $22,357.  This  total  of  $32,357 
provided  sufficient  funding  for  those  early  organizational  years.  With  the 
organizing  and  early  on  projects,  there  soon  developed  a  need  for  additional 
funds— and  they  were  to  be  raised  through  voluntary  fund-raising  efforts. 
Since  logging  in  our  first  contributed  funds  in  September  of  1980,  the  AAPA 
Special  Dredging  Committee  has  raised  $147,800  as  of  October  15  of  tiiis 
year.  We  are  particularly  grateful  to  the  International  Association  of 
Ports  and  Harbors  for  contributing  $10,000  to  our  account  in  September  of 
this  year.  On  August  11  ,  1982,  the  Secretary  General  of  IAPH  released  his 
second  fund-raising  letter  request,  funds  from  which  will  be  applied  against 
expenses  to  be  incurred  during  the  year  that  started  in  October,  1982.  Con¬ 
currently,  the  AAPA  Special  Dredging  Committee  is  under  way  with  its  own 
fund-raising  program  to  cover  an  estimated  $23,000  shortfall  during  the 
coming  year  in  its  program  and  budgeted  support  of  AAPA  and  IAPH  activities. 
I  might  add  that  the  International  Association  of  Dredging  Companies  con¬ 
tributed  through  the  IAPH  $2,500  this  year  and  has  pledged  an  additional 
$2,500  this  coming  year.  At  this  time,  our  AAPA  program  and  the  IAPH 
Dredging  Committee  Ocean  Dumping  supporting  efforts  are  running  $40,000  to 
$60,000  per  year. 


IN  SUMMARY 

Summarizing  1982  to  date,  the  AAPA  Special  Dredging  Committee  has  con¬ 
tinued  to  emphasize  direct  liaison  with  concerned  members  of  the  Congress 
and  officials  of  the  United  States  Army  Corps  of  Engineers  as  well  as  other 
federal  and  state  agencies  and  officials  with  an  interest  in  or  control  of 
dredging  laws  and  regulations.  We  are  actively  seeking  the  opportunity  for 
any  forum  at  which  we  can  present  our  proteins  and  suggest  the  changes  in 
procedures  and  testing  that  are  necessary.  Our  support  of  IAPH  and  IAPH's 
support  of  our  activities  of  mutual  interest  have  been  most  beneficial.  We 
have  been  successful  in  publishing  our  position  in  magazines  read  by  the 
dredging,  business,  and  port  industries  and  have  been  able  to  attend  and 
participate  in  meetings  and  ,-onventions  representing  elements  in  a  position 
to  influence  our  objectives 

We  look  forward  to  an  even  more  productive  year  in  1983,  and  an  even 
closer  relationship  with  our  counterparts  in  Japan. 


SOIL  IMPROVEMENT  BY  DEEP  CEMENT  CONTINUOUS  MIXING 
METHOD  AND  ITS  EFFECT  ON  THE  ENVIRONMENT 


Tadashi  Otsuki 
Masar.ori  Shima 

Japan  Dredging  and  Reclamation 
Engineering  Association 


INTRODUCTION 


Since  the  coastal  area  of  Japan,  where  the  bulk  of  Japan's  industrial 
areas  and  populations  is  concentrated,  is  mainly  composed  of  soft  alluvial 
clay,  it  is  important  to  know  how  to  improve  the  soft  clay  deposits.  For 
this  purpose,  various  oil  improvement  methods  have  been  developed  and  prac¬ 
ticed.  In  order  to  achieve  rapid  construction  of  structures  with  heavy  super 
structures  and  to  meet  environmental  restrictions  which  are  strengthened  year 
after  year,  new  improvement  techniques  are  needed. 

The  deep  cement  continuous  mixing  method,  called  "the  DECOM"  in  Japa¬ 
nese,  was  developed  for  this  purpose.  This  method  is  based  on  cementation 
rather  than  the  usual  concepts  of  consolidation,  drainage,  compaction,  and 
replacement.  Since  the  DFCOM  method  enables  rapid  stabilization  without 
pollution,  many  soil  improvements  using  this  method  have  been  conducted. 


In  this  paper,  the  problem  of  how  to  achieve  the  quality  between  previ¬ 
ously  improved  and  newly  improved  zones,  called  "the  overlapping  problem,"  is 
discussed  as  well  as  t tie  effect  o:  DECOM  on  environmental  conditions  using 
field  measurements  from  Yokohama  Harbour  (Photo  1). 
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OUTLINE  OF  THE  DECOM  METHOD 


In  this  method,  slurried  cement  Is  Injected  into  tlie  ground  and  mixed 
with  soft  clay  by  rotation,  lifting  and  lowering  the  mi-.er,  while  soft  clay 
is  hardened  through  hydration  between  hardening  material  and  water.  Then 
pozzolan  reaction  between  hydration  material  and  clay  material  is  progressed 
and  clay  is  cemented  through  these  processes. 

I  lie  DFCOM  method  has  many  advantages: 

a.  Strength  is  achieved  by  controlling  the  hardening  annex  ratio  accord¬ 
ing  to  the  properties  of  the  clay  to  be  improved. 

b.  Strength  is  rapidly  obtained,  which  enables  rapid  construction. 

c.  Deformation  is  very  small  and  the  effect  on  super  structures 
negligible. 

d.  Soft  clay  is  hardened  in  the  field  under  low  vibratory  and  low  noise 
conditions;  pollution  is  minimized. 

o.  Huge  amounts  of  sand  required  by  conventional  improvement  methods 
are  not  necessary. 

lJyl.ij._e_d  React  injj_  JTIement 

The  reaction  rate  between  clay  and  cement  is  so  rapid  that  the  quality 
of  contact  between  the  previously  Improved  and  newly  improved  zone  is  less 
reliable  when  improved  work  ceases  due  to  weather  conditions  or  machinery 
troubles.  In  order  to  solve  this  problem,  a  study  was  conducted  on  delnved 
reaction  hardening  material.  In  the  first  stage,  delayed  settling  material 
was  studied  and  it  was  concluded  that  there  are  problems  in  Its  efficiency 
and  cost.  In  the  second  stage,  a  study  was  conducted  for  a  material  that 
enables  delayed  hardening  at  the  first  stage  but  achieves  the  proposed 
strength  at  the  final  stage  of  t  "  90  davs.  A  good  result  was  obtained  in 
the  laboratory  and  was  certified  in  the  field.  I  he  next  section  of  this 
paper  discusses  laboratory  and  field  test  results  obtained  for  this  newly- 
developed  hardening  material. 

Laboratory  lest  Results 

Hie  requirements  for  the  material  are  summarized  below: 

a.  Hardening  takes  place  after  3  davs  of  mixing. 

b.  Unconf  ined  compression  strength,  qu,  at  t  3  HO  davs  is  equal  to  or 
more  than  30-'»0  kg/cm-. 

C.  Ihe  cost  is  in  an  allowable  range. 
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Retarder 


Normal  Portland  cement  has  generally  been  used  for  DECOM  because  it  is 
easily  obtained.  However,  setting  time  of  this  material  is  short,  within 
10  hours.  In  order  to  delay  the  setting  time,  an  investigation  was  carried 
out  for  marketing  to  special  goods.  The  results  are  summarized  in  Table  1. 

As  indicated  in  the  table,  retarder  did  not  satisfy  the  requirement  under 
conventional  annex  ratio.  It  is  of  course  possible  to  achieve  the  require¬ 
ment  when  cost  is  not  considered,  but  this  method  is  not  practical.  From  this 
consideration,  it  was  determined  to  develop  a  method  which  enables  delayed 
hardening  of  cement  without  the  addition  of  a  retarder. 

Table  1.  Results  of  Delayed  Setting  Tests 


Hardening 

Material 

Annex 

Annex  Ratio 

Setting  Time 

non 

or. 

6h  40  min. 

0.25 

7h  10 

A 

0.40 

8h  00 

0.60 

8h  30 

0.80 

8h  00 

0.25 

‘/h  35 

B 

0.50 

8h  40 

0.30 

8h  20 

C 

0.45 

6h  30 

Normal 

0.35 

7h  10 

Portland 

D 

0.50 

6h  15 

w/c  •  1 50% 

0.20 

6h  20 

E 

0.  30 

6h  30 

0.20 

5h  30 

F 

0.40 

8h  25 

0.60 

8h  35 

Delayed  Hardening  Material 

A  study  for  delayed  hardening  cement  began  in  1978.  Two  methods  were 
noted : 

a.  Use  of  clinker  material  which  provides  a  longer  setting  time. 

b.  Use  of  material  with  higher  pozzolan  reaction,  which  also  enables 
longer  setting  time. 

In  a  series  of  laboratory  tests,  both  methods  satisfied  tne  requirements. 
Consider ing  the  lower  cost  and  ease  of  manufacturing,  method  b  was  tested 
fur  nr:,  and  the  material  indicated  in  Table  2  was  developed. 
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[able  2.  Laboratory  Test  Results  for  Newly  Developed  Hardening  Material 


Hardening 

Material 

Water* 

Annex 
Rat  io 

Setting 

Time 

Temp, 

2 

Unconfined  Com.  qu  (kg/cm*") 

7  aay 

14  day 

28  day 

56  day 

9 1  day 

DM  set 

sea¬ 
water 
w/c=0. 6 

15  3 

(200  kg/cm  ) 

86h 

20°C 

30 

1 

■ 

7.0 

9.3 

16.8 

25.9 

22.4 

32.5 

24.7 

37.2 

20 

(273  kg/cm  ) 

6h 

20 

30 

■ 

11.7 

11.0 

20.1 

25.6 

HI 

46 . 4 

49.  1 

■ 

*  w/c  »  wa ter /cement  (weight  ratiol 
Se.iwater  is  used  for  water  above. 


lliis  ma.  'ri.u  is  a  kind  of 
Cement  mixed  with  an  inorganic 
material  and  is  harmless.  I  he 
delayed  hardening  processes 
ot  this  material  are  suggested 
as  follows: 


o  High  i.mH  in  liquid  phase  is  required  for  hardening.  When  the  amount 
of  cement  is  small,  the  time  to  ensure  [gardening  is  long.  Tn  addition, 
the  hardening  time  is  often  further  delayed  bv  mixing  material  that 
hinders  the  dissolving  rate. 

o  Mixing  material,  which  contains  material  that  hinders  hardening,  slowly 
re. icts  with  clay  and  hardening  slowly  progresses. 


o  Hardening  time  of  elav  [s  controlled  by  changing  the  mixing  ratio  when 
the  newlv  developed  material  Is  used.  Hardening  time  also  depends  on 
water  content  and  organic  content  of  the  clay. 


o  Alter  hydration  begins,  strength  of  t  lie  clay  is  significantly  Increased 
witn  production  of  0.1(011)*-  and  thermal  hydration  associated  with  the 
p  nice  s  s  . 

o  Hvdr.it  ion  products  are  malnlv  calcium  silicate  and  calcium  aluminate 
hvdrate,  which  are  stable  for  long  periods  of  time. 

o  Calcium  silicate  hvdrate  chance*--  to  the  more  stable  materials, 
te.bermori  to,  >.-v,>lite,  and  xonotlite,  with  lime. 

.1  i’o.'/olan  reaction  with  clay  will  continue  for  a  long  time  and  produces 
st  able  so  i  1  . 
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Field  Studies 


Field  studies  were  conducted 
offshore  of  Daikoku-cho,  Tsurumi-ku, 
Yokoham  City  (Figure  l)  from  September 
1981  through  March  1982. 


Figure  1.  Guide  map  for  the  site 


Soil  Conditions 

Before  improvement,  a  soil  investigation  was  carried  out  at  a  point 
shown  in  Figure  5  and  the  results  obtained  are  presented  in  Figure  2.  The 
properties  of  the  clay  are  summarized  as  follows: 


water  content 
w  =  50%  -  90% 
unit  weight 

3 

Y  “  1.5  -  1.6  g/cm 
unconfined  compression 
strength,  qu 
qu  =  1.15  +  0.54  z  t/n^ 
(z  =  0  at  -15  m) 
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r 

•n. 

k 

Figure  2.  Soil  conditions  at  the  site 

Machinery  Used 

The  DECOM  No.  2  Barge  was  used  in  this  field  test.  This  barge  was  manu¬ 
factured  to  prevent  sea  pollution  and  noise  as  well  as  provide  easy  operation. 

Design  Criteria  are: 

Wave,  height  :  1.0  m 
Wind  velocity  :  15  m/sec 
Current  velocity  :  2  knots 
Allowable  incline  :  3°  at  Trim 

1.5  °  at  Heal 

Dimensions  are  as  follows: 

a.  Hull 

Length  :  60  m 
Breadth  :  30  m 


220 


Depth  :4.5m 

Tower  height  (above  the  Upper  Deck)  :  66.2  ra 

Draught  (Design)  :  3.4  m 

Displacement  (Design)  :  5,800  tons 

Accomodation  :  2  (for  two  people) 

7  (for  four  people) 

Meeting  room  :  1  (for  20  people) 

b.  Mixing  equipments 

Mixing  shaft  :  4  (rotating) 

Center  shaft  :  1  (fixed) 

Diameter  of  mixing  wing  :  1,800  mm 
Mixing  motor  :  900  RW  x  2  set 

Deep  cement  winch  :  36  tons  x  2  set,  at  speed  of  0-16  m/min 

Anchor  winch  :  6  30  tons  at  1  m/min  for  construction 

15  tons  at  18  m/min  for  barge  operation 

c.  Slurry  -  Plant 

Silo  for  hardening  material  :  400  tons  *  4 
Slurry  mixer  :  3,500  1*2 

Slurry  agitator  :  18,000  %  x  l 

Slurry  injection  pump  :  600  H/min  x  6 

d.  Engine 

Main  generator  engine  :  type  NKK-SEMT-PIEL  STICK 

S. H.P.  4,500  PS 
Revolution  514  r.p.m.  - 

e.  Electric  installation 

Type  :  Horizontal,  deep-proof,  separately  ventilated, 

revolving-field,  salient-pole  type  AC  generator 

Output  :  3,750  KVA  (3,000  KW) 

Voltage  :  3 , 300  V 

Frequency  :  60  HZ 

Revolution  :  514  r.p.m. 

General  arrangement  of  the  DEC0M  No.  2  barge  and  flow  of  plant  are  indicated 
in  Figures  3  and  4. 
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Specification  for  Soil  Improvement 


The  area  of  an  improved  pile-  is  9.48  m  and  6  piles  were  constructed  in 
one  cycle  under  the  spacing  shown  in  Figure  5.  The  sequence  of  improved  pile 
is  shown  in  Table  3  and  the  connection  of  each  improved  pile  was  conducted 
using  5  methods  within  96  hours. 


_ 11M _ _ 

WO  I  500  :  300  1  300  1  300  1.300 


Figure  5.  Spacing  of  improved  piles 
Table  3.  Sequence  of  Improved  Pile 


Penetrac ion 

Date 

No .  of  Imp . 

Pile 

Test  Conducted 

1st  day 

No.  1.  2 

2nd 

No.  3 

connection  after  24  hours 

3rd 

No .  4 

48 

4  th 

No .  6 

72 

5  th 

No.  5 

96 

Specifications  for  improved 
piles  are  shown  in  Table  4.  As 
shown  in  Figure  6,  slurry  cement 
was  placed  during  penetration  and 
then  mixed  with  clay  by  lifting 
the  mixing  wing. 


4- 


. . W  L  0  Dm 


Figure  6. 


Sequence  of  improved  pile  operation 
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Table  4.  Specification  for  Improved  Pile 


Items 

Specification 

Penetration  speed 
Withdrawal  speed 

Rotating  rate 

Improved  depth 

0.50  -  0.25  (m/min) 

1.00  -  0.50  (m/min) 

20  -  40  (r.p.m. ) 

-18  -  52.0  m  (DL) 

The  composition  of  newly  developed  hardening  material  is  as  shown  in 
Table  3.  Two  methods,  210  kg/m^  and  160  kg/m^,  were  adopted.  Water-cement 
ratio  was  60%  for  each  method  using  seawater. 

Table  5.  Composition  for  Newly  Developed  Material 


Composition  (a) 

Pile  No. 

DM  set 

210  kg/mi? 

160  kg/m 

No.  1 

No.  2, 3,4, 5,  &  6 

Results  or  Field  Test 

The  field  test  results  are  as  follows: 
a.  Construction  quality 

o  Torque  of  mixing  apparatus 

Torque  induced  during  mixing  is  summarized  in  Figure  7.  The 
torque  during  penetration  was  smaller  by  100  -  200  amperes  (A) 
when  compared  with  that  induced  using  normal  Portland  cement. 

This  difference  during  w-'.thdraval  was  significant  reaching  150  - 
600  (A)  and  was  caused  by  rapid  hardening  when  normal  portland 
cement  is  used.  The  torque  indicated  a  value  of  100  to  200%  of 
allowable  capacity  in  the  use  of  normal  portland  cement.  On  the 
other  hand,  the  torque  in  the  use  of  newly  developed  material  did 
not  reach  100%  except  when  penetration  reached  a  hard  layer  with  j 
N  values  more  than  50.  In  addition,  the  torque  for  the  connection 
part  did  not  show  any  significant  difference  within  96  hours. 

This  demonstrates  the  efficiency  of  the  newly  developed  material. 

o  Loading  to  mixing  apparatus 

Loads  on  mixing  apparatus  are  summarized  in  Figure  8.  The  same 
torque  trend  was  observed.  The  load  when  using  normal  portland 
cement  suddenly  decreased  at  around  -40  m  in  penetration,  and 
significantly  increased  reaching  560  -  620  tons  which  exceeded  the 
self-weight  of  mixing  apparatus  (480  tons)  in  withdrawal.  In 
contrast,  the  load  when  using  newly  developed  material  was  within 
the  self-weight,  regardless  of  time  of  0  -  96  hours. 
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o  Accuracy 


In  Che  DECOM  method,  improved  piles  were  constructed  by  overlapping 
to  make  the  ground  a  unified  improved  body.  Therefore,  accuracy 
of  construction  is  an  important  checkpoint.  Figure  9  indicates 
the  connected  conditions,  and  the  barge  location  is  determined 
by  transit  survey.  The  location  of  the  mixing  wing  was  measured 
using  an  automatic  inclinometer.  From  Figure  9  it  can  be 
observed  that  reliability  of  the  connected  zone  is  high  enough 
regardless  of  time  (0-96  hours)  when  the  newly  developed 
material  is  used. 


Ohrs.  24hrs.  48hrs.  72hrs.  96hrs. 


Figure  9.  Connected  conditions  between  piles  versus  time 
Results  obtained  from  check  boring  and  soil  test 
o  Results  of  check  boring 

Continuous  sampling  was  conducted  at  5  points  shown  in  Figure  10 
to  certify  the  connected  condition  and  the  physical  and  strength 
properties  of  the  improved  soil.  Of  the  5  borings,  two  were 
inclined  (one  for  the  check  of  connected  conditions).  The  results 
obtained  from  the  inclined  boring  are  shown  in  Figures  11  and  12. 
As  shown  in  the  figures,  the  connected  zone  is  unified  regardless 
of  time  (0-96  hours). 
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No.  4  No.  I  .  No.  3 


Figure  11.  Inclined  boring  (No.  1)  Figure  12.  Inclined  boring  (No.  2) 

o  Water  content  and  unit  weight  of  improved  soil 


Water  cot  tent  after  improvement  ranged  from  40  to  80%  (Figure  13) 
and  indicated  smaller  values  by  10-20%  than  the  values  before 
improvement  (ix>  =  50-90%  before  improvement).  On  the  other  hand, 
unit  weight  after  improvement  did  not  show  any  significant  differ¬ 
ence  than  before  improvement  (Figure  14). 
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Wait* r  content  U'(  %» 

40  50  60  70  80  90 


Figure  13.  Water  content  versus 
depth 


Figure  14.  Unit  weight  versus 
depth 


o 


Unconfined  compression  strength 


In  Figure  15,  unconfined 
compression  strength  before 
and  after  improvement  is 
compared.  The  values  of 
qu  are  those  after  3  months 
of  improvement .  The  values 
of  qu  for  a  =  160  and 
210  kg/nr  were  56.9  and 
75-4  kg/cm^,  respectively. 
Those  values  satisfy  the 
design  criteria. 


Figure  15.  Unconfined  compression 
strength  plotted  versus  depth 
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c.  Temperature  of  improved  soils 


A  thermometer  was  installed  at  three  depths:  -19.8,  -22.3,  and 
-24.8  m  of  No.  5  pile.  The  results  are  presented  in  Figure  16.  A 
significant  difference  can  be  observed  in  temperature  of  the  soil 
improved  by  normal  Portland  cement  and  dhe  newly  developed  material. 
The  temperature^of  soil  treated  with  the  new  material  rose  slowly, 
reaching  40  -48  after  2  weeks,  whereas  a  temperature  of  45°  was 
measured  after  only  1  day  when  standard  Portland  cement  was  used. 
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Figure  16.  Results  of  temperature  measurement 
EFFECTS  ON  THE  MARINE  ENVIRONMENT 
Water  Quality  and  Sediment 


The  water  quality  and  sediment  investigation 
in  Tokoyo  Bay  (Figures  17  and  18).  Items  covered 
listed  in  Table  6. 

' 

Meteorological  and  Oceanographical  i  tions 


was  conducted  in  March  1977 
during  the  investigation  are 


Resu.  ts  observed  about  the  >•  oral  meteorological  and  oceanographical 
conditions  were  as  follows: 

Weather 

The  weather  was  either  cloudy  or  fine. 


Wi  n_d  j 

Direction  and  velocity  of  wind  were  F.  -  NE  and  4.4  -  5.8  m/sec 
(4.8  m/sec  average). 

Temperature 

0'1k*  air  temperature  reached  a  low  of  4.3°C  before  carrying  out  and  10.1  - 
15.4  C  during  and  after.  Water  temperature  reached  a  low  of  7.6°C  before  and 
8.8  -  10.6  C  during  and  after.  i 
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Current 

Before  operation  the  current  velocity  was  0.04  -  0.15  m/sec  (9.10  m/sec 
average)  and  the  direction  of  current  was  nearly  N'NE.  During  operation  the 
velocity  was  0.01  -  0.11  m/sec  (0.06  m/sec  average)  and  the  direction  was 
nearly  N. 


Ihe  sea  depth  in  the  invest igat ion  area  was  7.0  -  10.2  m  (9.0  m  average). 

Wa  ter 

Water  quality  results  were  as  follows: 
t  r jnsparencv 

Before  operation  the  transparency  values  were  1.10  -  1.35  m  (1.25  m 
average);  2  hours  aftet  operation  commencement  low  values  of  0.8  -  1.  30  m 
(.1.0  1  in  average)  occurred  and  effects  bv  the  operation  were  recognized. 
However,  soon  alter  t  tie  values  recovered  to  1.20  -  1.50  m  (1.  30  m  average). 

turbid  i  tv 

iurbidif  measurements  are  shown  in  Figure  19.  Before  operation  the 
turhidif.  avra/ed  ’..1  ppm  at  the  upper  layer,  3.0  ppm  at  the  middle  laver, 
and  2.5  ppm  at  i  in*  lover  laver.  At  2  and  4  hours  after  operation  the  nearer 
the  invest  ip  it  ion  stations  were  to  the  proposal  site,  the  higher  values  they 


231 


turbidity  (ppm) 


Table  6.  Contents  of  Investigation 
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COD,  Ignition 


showed,  over  4.0  ppm  at  0  m  (St.  0)  and  50  m  (St.  AQ)  on  average.  Furthermore, 
the  upper  layers  showed  higher  values  of  4.1  -  5.6  ppm.  The  middle  and  lower 
layer  showed  lower  values  of  3.0  -  3.5  ppm  and  2.0  -  2.6  ppm,  respectively, 
not  much  change  when  compared  with  before  operation  values. 

SS  (Suspended  Solids) 

Before  operation  SS  values  averaged  5.0  ppm,  3.3  ppm,  and  4.3  ppm  at  the 
upper,  middle,  and  lower  layers,  respectively;  however,  during  operation  SS 
concentrations  increased  about  1.0-2. 4  ppm  for  the  upper  and  middle  layers. 
Simultaneously  it  was  recognized  that  2-3  ppm  increased  at  each  layer  near 
the  proposal  site.  One  hour  after  operation  the  values  returned  to  the 
before  operation  values  at  every  station  and  layer. 

.  £H 

The  pH  results  are  shown  in  Figure  20.  Before  carrying  out  pH  reached  a 
low  value  of  7.6  at  the  proposal  site;  this  value  did  not  satisfy  the  environ¬ 
mental  criteria  in  this  sea  area.  However,  2t  stations  other  than  the  proposal 
site,  pH  values  averaged  8. 1-8.3.  At  2  and  4  hours  after  operation  commence¬ 
ment  and  1  hour  after  operation  the  average  values  of  8. 0-8. 2  were  generally 
observed.  A  tendency  was  recognized  for  higher  values  to  appear  at  middle  and 
lower  layers  than  at  upper  layers  and  for  higher  values  to  appear  at  2  and 
4  hours  after  operation  commencement  than  at  1  hour  after  operation.  Some 
effects  caused  by  the  soil  improvement  method  were  recognized. 

COD  (Chemical  Oxygen  Demand) 

Before  operation  COD  values  averaged  6.2,  1.5,  and  4.4  ppm  at  the  upper, 
middle,  and  lower  layers,  respectively.  At  2  and  4  hours  after  operation 
commencement  the  COD  values  of  2-2.6  increased  mainly  near  the  upper  layer 
at  the  proposal  site  (St.  0)  and  station  of  100  m  (St.  Bq).  At  the  lower 
layers  changes  were  scarcely  recognized. 

DO  (Demand  Oxygen),  BOD  (Biological  Oxygen  Demand),  n-Hexane  Extract 

Both  before  and  after  carrying  out  the  values  of  DO,  BOD,  and  n-Hexane 
extract  showed,  respectively,  7. 2-7. 6  ppm,  2. 7-3. 5  ppm,  and  below  0.5  ppm; 
the  changes  were  scarcely  recognized. 

Sediment 

The  values  of  COD  and  ignition  loss  had  scarcely  changed  after  carrying 
out.  However,  the  tendency  was  recognized  for  the  values  of  pH  and  water 
volume  in  bottom  mud  to  increase  from  8.2  to  10.8  and  from  138.9%  to  240.1%, 
respectively. 
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Discussion 


Results  obtained  in  this  investigation  indicated  that  the  effects  by  this 
soil  improvement  method  (DECOM  Method)  were  approximately  as  follows:  1)  new 
additional  turbidities  of  1-2  ppm,  and  2)  rising  values  of  pH  of  0.4-0. 6 
surrounding  the  proposal  site. 

These  effects  were  mainly  caused  by:  1)  stirring  up  of  the  bottom  sediment 
into  the  upper  layer  by  the  mixing  wing,  2)  stirring  up  the  bottom  sediments 
by  moving  the  mixing  shaft  in  continuous  operation,  3)  outflow  of  bottom 
sedimerlts  and  cement  slurries  attached  to  the  shaft  and  mixing  wing  when  pulled 
up  from  the  bottom  for  removing,  and  4)  outflow  of  bottom  sediments  and  cement 
slurrits  attached  to  the  shaft  and  mixing  wing  when  washed  after  operation. 

Furthermore,  pH  in  the  upper  layer  of  bottom  sediment  showed  a  2.6  rise 
which  vas  believed  to  be  caused  by  the  soil  improvement  method  itself  using 
cement  slurry. 

These  effects,  however,  wara  mostly  temporary  and  disappeared  soon  after 
carrying  out.  The  pH  values  in  the  upper  layer  of  bottom  sediments  certainly 
returned  to  the  values  before  carrying  out  after  about  3  months. 

Noise 

Noise  from  the  DECOM- 1  barge  was  investigated  in  November  1977  in  Tokovo 

Bay . 

This  investigation  was  carried  out  at  5  stations  on  the  vessel  and 
1  station  on  the  sea.  All  engines  of  DECOM-1  barge  were  in  operation.  Con¬ 
sequently,  the  levels  of  noise  were  about  80-90  dB  on  the  vessel  and  67  dB 
on  tlie  sea  50  m  distant  from  the  barge  (Figure  21).  From  data  obtained  in 
other  sea  areas,  the  noise  levels  at  distant  stations  were  approximately  bO- 
65  dB  at  100  m,  55-60  dB  at  200  m,  and  40  dB  at  1000  m. 

These  results  showed  that  the  value  measured  at  200  m  satisfied  the 
criteria  of  noise  levels  of  60  dB  in  a  dwelling  area. 

SUMMARY  AND  CONCLUSIONS 

A  Series  of  laboratory  and  field  tests  for  soil  improvement  using  the 
newly  developed  hardening  material  were  described  as  well  as  the  effect  on  the 
marine  environment.  The  following  conclusions  and  suggestions  are  made  from 
this  s  t  ad  y . 

(1)  Because  of  delayed  hardening  of  the  newlv  developed  material,  it  was 
found  tfiat  a  connected  condition  of  sufficient  quality  can  be  achieved  even  if 
constructed  96  hours  after  the  previous  improvement. 
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Figure  21.  Stations  and  results  measured  of  noise 
(1^6:  stations  (  ):  results  (dB)) 

(2)  Therefore,  the  severe  time  requirement  to  connect  the  zone  within 
one  day  can  be  loosened.  The  coefficient  S  ,  which  indicates  reliability  of 
the  connected  part,  can  be  expected  to  have  a  larger  value  than  conventional 
values  such  as  =  0.5  -  0.6  (for  the  type  of  slurry  jetting  through  with¬ 
drawal)  and  z  =  0.8  -  0.9  (for  the  type  of  slurry  jetting  through  penetration), 

(3)  I'nconfined  compression  strengths  of  improved  soil  treated  with  the 
newly  developed  material  were  56.9  kg/cm2  (a  =  160  kg/cm3,  t  =  90  days)  and 
75.4  kg/cm-  (a  =  210  kg/cm*-,  t  =  90  days).  These  values  satisfy  the  design 
criteria. 


,(4)  Tt  was  also  found  that  the  soil  improvement  with  this  material  did 
not  s ign i f ican t 1 v  affect  the  marine  environment. 

(5)  It  can  be  concluded,  therefore,  that  the  DEC0M  method  with  the  newly 
developed  hardening  material  has  various  advantages  over  the  conventional 
Portland  cement  method. 
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A  COMPARISON  OF  METHODS  FOR  ESTIMATING 
NUTRIENT  RELEASE  FROM  LAKE  SEDIMENTS 


Masaaki  Hosomi 
Mitsumasa  Okada 
Ryuichi  Sudo 

Laboratory  of  Freshwater  Environment 
National  Institute  for  Environmental  Studies 


ABSTRACT 

This  paper  discusses  four  methods  for  estimating  the 

rate  of  NH  -N  reLease  from  sediment.  Precision  of  the 
4 

NH^-N  release  rate  determinations  was  compared  by  ex¬ 
amining  the  variances  among  the  laboratory  sediment  core 
method,  the  in  situ  sediment  core  method,  the  in  situ 
chamber  method,  and  the  mathematical  model  method. 

The  in  situ  core  method  reflected  the  least  precision 
of  the  NH^-N  release  rate  determinations. 

Statistical  tests  showed  that  the  NH  -N  release  rates 

4 

calculated  from  the  NH^-N  gradient  between  the  overlying 

water  and  the  interstitial  wat-ir  of  the  0-  to  2-cm  layer 
(AH  -1.0  cm)  in  the  uppermost  sediment  did  not  signifi¬ 
cantly  differ  from  those  estimated  by  the  laboratory  core 
method  and  the  in  situ  chamber  method. 

The  mathematical  model  calculating  the  NH^-N  gradient 
between  the  overlying  water  and  the  interstitial  water  in 
the  uppermost  layer  of  sediment  could  well  be  applied  to 
other  lake  systems. 


INTRODUCTION 

We  cannot  ignore  the  effects  of  nutrient  release  from  bottom  sediments, 

1-3 

particularly  in  shallow  lakes,  on  excessive  growths  of  algae  in  lakes. 
Although  many  lake  restoration  programs,  such  as  wastewater  diversion  and 
advanced  wastewater  treatments,  have  been  implemented,  water  quality  has 
not  been  improved  to  the  desired  level  in  some  lakes  because  of  the  nutrient 

4  5 

release  from  the  sediment.  ’ 


/ 


In  implementing  lake  restoration  programs  or  eutrophication  control 
programs,  it  is  necessary  to  quantify  the  magnitude  of  nutrient  release  from 
lake  sediments. 


The  methods  for  estimating  nutrient  flux  from  lake  sediments  are  classi¬ 
fied  into  two  types.  In  the  first  type,  nutrient  flux  is  estimated  from 
the  measurement  of  the  rate  of  increase  in  nutrient  concentration  of  over- 
lying  waters  in  artifically  isolated  in  situ  or  laboratory  sediment  water 
5-13 

systems.  In  the  second  type,  flux  is  calculated  from  Fick’s  law,  i.e., 

flux  is  proportional  to  the  gradient  of  nutrient  concentration  at  the  sediment- 
7,14 

water  interface. 

There  are  three  methods  of  the  first  type:  laboratory  sediment  core 
method,  in  situ  sediment  core  method,  and  in  situ  chamber  method.  The  labora¬ 
tory  core  method  is  designed  to  simulate  the  lake  bottom  as  closely  to  the 
natural  conditions  as  possible  and  to  measure  the  sediment-water  nutrient  flux. 
In  the  in  situ  sediment  core  method  the  sediment-water  nutrient  flux  is  measured 
by  using  the  sediment  cores  placed  near  the  lake  bottom.  The  in  situ  chamber 
method  is  designed  to  isolate  a  portion  of  bottom  sediment  and  its  overlying 
water  by  an  in  situ  chamber  and  measure  the  change  in  nutrient  concentration 
of  Its  overlying  water. 

Many  studies  have  reported  the  rates  of  nutrient  release  from  the  sedi¬ 
ment  using  one  or  two  of  the  above-mentioned  methods.  However,  the  precision 
of  the  methods  for  estimating  sediment-water  nutrient  flux  has  not  been  eval¬ 
uated.  In  this  study  we  quantified  the  magnitude  of  the  sediment-water  nutri¬ 
ent  flux  using  the  above  methods  and  compared  the  precision  of  the  methods. 

MATERIALS  AND  METHODS 

Study  Area 

This  study  was  initiated  to  investigate  the  sediment-water  nutrient  flux 
in  Lake  Yunoko,  a  dimictic  lake  located  in  Nikko  National  Park.  Table  1  shows 
the  morphometric  data  in  T,ake  Yunoko.  Intensive  limnological  monitoring  and 

Table  1.  Summary  of  morphometric  and  hydrologic 
*  characte rist ics  for  Lake  Yuno.  i 


Parameter 

Lake  Yunoko 

Surface  Area  of  Lake 

(km2) 

0.  jo 

3 

Lake  Volume  (m  ) 

2.62  x  106 

Mean  Depth  (m) 

7 . 4 

Maximum  Depth  (m) 

14.5 

Length  of  Lake  (km) 

3.8 

Water  Retention  Time 

(days) 

40 

239 


modeling  efforts  have  been  conducted  to  assess  the  response  of  the  lake  to  the 
advanced  wastewater  treatment  aimed  at  phosphorus  removal,  the  ban  of  phos¬ 
phorus  detergents,  and  the  dredging  of  a  part  of  lake  bottom  sediment. 

These  investigations  have  revealed  Lake  Yunoko  to  be  eutrophic.  Chlorophyll  a 
concentrations  often  exceed  20  vg/l.  Total  nitrogen  and  total  phosphorus  con¬ 
centrations  in  the  epilimnion  range  from  0.2  to  0.8  mg  H/l,  and  from  0.02  to 
0.10  mg  P/i,  respectively.  The  study  station,  shown  in  Figure  1,  is  8  m  deep. 
In  this  investigation,  NH  -N  release  rates  were  estimated  at  this  station  in 
August  of  1982. 


Scale,  m 


Figure  1.  Location  of  study  station  and  bathymetric 
map  for  Lake  Yunoko 


Laboratory  Sediment  Core  Method 


Sediment-water  nutrient  flux  is  estimated  by  measuring  NH^-N  concentra¬ 
tion  in  the  overlying  water  of  the  sediment  core  placed  in  the  laboratory. 

Sediment  cores  were  taken  with  the  coring  device  shown  in  Figure  2.  The 
sediment  core  was  placed  in  the  dark  and  its  ambient  temperature  was  main¬ 
tained  within  ±2°C  of  that  of  the  lake  bottom  where  tht  core  was  taken.  Dis¬ 
solved  oxygen  concentration  was  maintained  close  to  that  of  the  lake  bottom 
by  passing  mixed  nitrogen-oxygen  gas  with  various  ratios  through  the  overlying 
water.  The  apparatus  is  shown  in  Figure  3. 

Water  temperature  and  dissolved  oxygen  in  the  hypolimnion  during  this 
investigation  ranged  from  10°  to  llaC,  and  from  7  to  8  mg/f ,  respectively.  In 
this  study,  water  temperature  was  maintained  at  10°C  ±  2°C.  Aerobic  condition 
was  maintained  by  passing  compressed  air  through  the  overlying  water. 

The  overlying  water  was  periodically  sampled  using  a  syringe  from  the 
upper  part  of  the  core,  and  then  filtered  through  a  glass-fiber  filter 
(Whatman  GFC;  pore  size  »  1  pm).  The  filtrate  was  analyzed  for  NH.-N. 

4  17 

Ammonia  was  determined  by  the  automated  colorimetric  phenate  method.  The 
filtrate  of  lake  water  taken  at  the  study  station  was  added  into  the  overlying 
water  to  compensate  for  the  decrease  in  the  volume  of  that  after  sampling. 


Stainless  Steel 
Wing 


Attachment  Conjunction 


Plexiglass  Core  Tube 


Figure  2.  A  coring  device 
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Figure  3.  An  experimental  apparatus  used  in  the 
laboratory  core  method 

The  cumulative  amount  of  NH^-H  released  from  the  lake  sediment  to  the 
overlying  water  at  each  sampling  Uas  calculated  by 


r 


V(Cn  -  Co) 


n 

+  T,  v(C  -  Ca) 
A 


(1) 


where  r  »  the  cumulative  amount  of  NH.-N  released  from  the  lake  sediment 

?  4  3 

(M/L  )*;  V  »  volume  of  overlying  water  of  the  sediment  core  (L  );  Cn  *  NH  -N 

3  4 

concentration  at  n'th  sampling  in  the  overlying  water  (M/L  ) ;  Co  »  initial 

3 

NH.-N  concentration  in  the  overlying  water  (M/L  );  v  »  volume  of  overlying 

4  3 

water  sampled  for  NH  -N  analysis  (L  );  Ca  =  NH.-N  concentration  in  lake  water 

4  3  4 

added  into  the  overlying  water  (M/L  );  and  A  ■  area  of  sediment-water  inter- 

2 

face  of  the  sediment  core  (L  ) . 

NH^-N  flux  was  estimated  from  the  rate  of  increase  in  the  cumulative 

amount  of  NH.-N  released. 

4 

In  Situ  Sediment  Core  Method 

Nutrient  flux  is  estimated  by  measuring  NH.-N  concentration  in  the  over- 
lying  water  of  the  sediment  core  placed  near  take  bottom.  This  method  Is 
similar  to  the  laboratory  sediment  core  method.  However,  neither  the  dis¬ 
solved  oxygen  control  nor  the  mixing  of  th»  overlying  water  by  passing  the 
mixed  gas  were  conducted  in  this  method. 


*  M  *  mass,  L  =  length. 
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Sediment  cores  were  periodically  pulled  onboard.  A  portion  of  the  over- 
lying  water  was  sampled  after  the  overlying  water  was  mixed  homogeneously. 
NH^-N  was  determined  the  same  way  as  the  laboratory  core  method. 

In  Situ  Chamber  Method 


The  in  situ  monitoring  of  the  sediment-water  nutrient  exchange  process 
is  performed  using  a  submerged  chamber  as  shown  in  Figure  4. 


Figure  4.  The  submerged  chamber  used  in  the 
in  situ  chamber  method 

Chambers  made  of  vinyl  chloride  are  placed  on  the  lake  bottom.  The 
chamber  isolates  a  portion  of  the  bottom  sediment  and  its  overlying  water. 

The  overlying  water  within  the  chamber  is  mixed  homogeneously  by  repeated 
(4  times)  withdrawal  and  injection  of  a  part  (ca.  50  ml)  of  overlying  water 
in  the  chamber  using  a  syringe  before  sampling.  In  preliminary  experiments, 
we  confirmed  that  the  overlying  water  within  the  chamber  was  mixed  well  by 
this  method.  The  overlying  water  was  periodically  sampled  with  a  syringe 
onboard,  and  then  filtered  with  the  same  procedure  as  the  laboratory  sediment 
core  method. 

Because  the  volume  of  the  overlying  water  within  the  chamber  was  far 
greater  than  that  of  the  water  sampled  for  nutrient  analysis,  the  second  term 
of  F.q.  (1;  .'is  neglected.  The  cumulative  amount  of  nutrient  released  f  om 
the  lake  sediment  to  the  overlying  water  within  the  chamber  at  each  sampling 
was  calculated  by 


r 


V(Cn  -  Co) 
A 


(2) 


where  r  =  the  cumulative  amount  of  nutrient  released  from  lake  sediment 

2  3 

(M/L  );  V  =  volume  of  the  overlying  water  of  a  chamber  (L  );  Cn  =  NH  -N  con- 

3 

centration  at  n’th  sampling  in  the  overlying  water  (M/L  ) ;  Co  =  initial 
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3 

concentration  In  the  overlying  water  (M/L  );  and  A  »  area  of  sediment-water 

2 

interface  in  a  chamber  (L  ). 


Mathematical  Model  Method 

+  2- 

In  estimating  transport  of  dissolved  species,  such  as  Cl  ,  Na  ,  SO^  , 

from  sediments  to  overlying  water,  the  Fickian  description  of  the  transport 
has  been  generally  ucilized.  In  the  Fickian  description,  the  flux  from  sedi¬ 
ment  is  directly  proportional  to  concentrat ion  gradients  of  dissolved  species. 
A  theoretical  nutrient,  flux  was  calculated  from 


where  R  *  nutrient  flux  (M/L  /T)*;  f  «  porosity  of  the  sediment  (dlmenslon- 

2 

less);  D  •  effective  diffusion  coefficient  at  t*C  (I.  /T);  and  C/ >z  *  the 

1  4 

gradient  of  nutrient  concent  rat  ion  at  sediment-water  interface  (M/L  ).  We 

cannot  determine  the  accurate  gradient  of  nutrient  concentration  at  the 
sediment-water  interface  experimently  because  the  sediment-water  interface 
is  very  delicate  and  easily  disturbed  during  sampling.  Hence,  the  concentra¬ 
tion  gradient  at  the  sediment-water  interface  was  estimated  from  the  concentra¬ 
tion  gradient  between  the  overlying  water  and  the  interstitial  water  tn  the 
uppermost  sediment  layer  (usually  the  top  1  or  2  cm  of  sediment) 


•C  Cin  Cover  (3)' 

— *  *  - ■  — ■ 


where  C.  *  NH ,-N  concentration  of  interstitial  water  in  the  uppermost  layer 

ln  4  3  3 

of  «edimpnt  (M/I.  );  C  «  nutrient  concentration  in  overlying  water  (M/I.  ); 

ove  r 

and  '■  «  the  distance  from  the  bottom  sediment  surface  to  the  central  plane 

of  the  uppermost  sediment  lave"  (L) , 

Many  researchers  have  attempted  to  evaluate  the  diffusion  coefficient  in 
•  edlment  using  various  methods,  but  the  estimate  values  ranged  widely  from 

■  10  u  to  10  7  cm“/*ec . 7 ’ ^ *  * ^  ’  * ^  The  nutrient  exchange  of  the  sediment- 
water  interface  is  a  result  of  a  combination  of  physical,  chemlca l ,  and 
biological  processes  such  as  molecular  diffusion,  h t o tu rba t ion,  physical 
mixing,  and  ad  so rpt l on-deso rp t Ion .  These  processes  are  complex  and  difficult 
to  me.c-ure  separately.  Accordingly,  at  present,  it  Is  difficult  to  evaluate 
effective  diffusion  or  transport  coefficients  1 nco rpora t ing  the  above-ment loned 
processes. 

•J 

Freedman  and  Canale  applied  the  correlation  of  diffusion  coefficient 

1 8 

vf’b  porosity  shown  by  Manhelm  to  the  sediment  of  White  Lake  and  evaluated 

1  d 

flux  from  the  sediment.  Lerman  bad  formulate!  a  relationship  between 


*  T  -  t i-e. 
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diffusion  coefficients  and  porosity  using  data  from  Manheim.  The  value  of 

2  19 

the  diffusion  coefficient  0  is  approximately  directly  related  to  $  * 

2 

D  -  DQ  -  $  (4) 

where  D  is  the  value  of  the  diffusion  coefficient  in  the  bulk  (that  is, 

—6  2 

when  i  »  1).  of  ammonia  is  9.8  *  10  cm  /sec. 

19 

Diffusion  coefficients  increase  directly  proportional  to  temperature 


D  -  D(  1  +  <Jt)  (5) 

where  i  «  empirical  constant  (1/*C);  and  t  ■  temperature  (*C).  The  empirical 
constant  of  ammonia  is  0.04.  In  this  study  we  calculated  diffusion  co¬ 
efficients  from  Eq.  (3),  Eq.  (3)',  Eq.  (4),  and  Eq.  (5). 


Sampling  of  Interstitial  water  in  the  uppermost  sediment  was  conducted 
as  follows.  Sediment  cores  were  taken  with  a  coring  device  and  immediately 
transported  to  the  laboratory.  After  the  overlying  water  was  removed  care¬ 
fully,  minimizing  disturbance  of  the  sediment-water  interface,  the  sediment 
core  was  sectioned  into  1-  and  2-cm  slices.  These  slices  were  inserted  into 
the  centrifuge-filter  (Whatman  GKC)  tubes  (shown  in  Figure  5)  and  centrifuged 
at  3,000  rpm  for  IS  minutes  with  sediment-water  interface  temperatures  *2°C. 

The  filtrate  was  analyzed  for  N'H  -N  with  the  same  procedure  as  overlying  water. 


Fir  ore  5. 


The  centrifuge  -  filter  system  for  sampling 
Interstitial  water  in  sediments 


sF.sn.rs  and  ni'urssroN 


Die  release  rates  of  NH  -N  were  evaluated  simultaneously  hv  the  laboratory 


sed  1  vn  t  rn  re 
method.  Roth 
s  1—  ii  1  t  a  neons  I  v 
N  M  —  \  release 
vt>  re  se  t  si  mn  1 


met'i. i, I,  the  in-situ  sediment  core  method,  and  the  in-situ  chamber 
in  tve  laboratory  and  in-sltu  core  methods,  six  cores  were  used 
to  estimate  precision  of  these  methods  for  the  determination  of 
rates.  In  the  In-situ  chamls-r  method,  four  submerged  iliamhers 
taneouslv  on  lahe  ’-ottom. 


Results  from  these  experiments  are  depicted  graphically  in  Figures  6-8. 
All  of  these  experiments  showed  that  the  cumulative  amounts  of  Mil  -N  released 
from  sed 1  re  n  t  were  directly  proportional  to  elapsing  time.  4 
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Figure  8.  Cumulative  amounts  of  NH^-N 

release  measured  by  the  in-situ 
chamber  method,  August  1 7—2 1 

Eleven  cores  were  taken  In  the  mathematical  model  method.  Two  sets  of 
surface  sediment  layers  were  separated  from  the  cores  sampled  to  estimate  NH^-N 
concentration  of  interstitial  water  in  the  uppermost  layer  of  the  sediment, 
i.e.  6  and  5  cores  were  used  to  obtain  layers  of  1  cm  thickness  from  the  sedi¬ 
ment  surface  (0-1  cm.  A?.  =  0.5  cm)  and  those  of  2  cm  thickness  (0-2  cm, 

A?.  =  1.0  cm),  respectively.  In  this  method  t  *  10°C  of  lake  bottom  temperature 
and  P  *•  0.95  measured  from  water  content  and  density  of  sediment  were  used. 

Table  2  shows  the  mean  values,  standard  deviations,  and  coefficients  of 
variation  of  NH^-N  flux  evaluated  from  the  laboratory  core  method,  the  in-situ 

core  method,  the  in-situ  chamber  method.  3nd  the  mathematical  model  method. 

The  mean  MM  -N  release  rates  evaluated  from  each  method  ranged  between  9.6  mg 
2  a  2 

N/m“  day  and  16  mg  S/m “  day.  Similarly,  the  coefficients  of  variation 

ranged  from  15%  to  39%. 

Next,  the  precision  of  the  NH^-N  release  rates  determination  among  the 
five  methods  (shown  in  Table  2),  including  two  kinds  of  mathematical  model 
methods  (.'.<  *  0.5  cm  and  '<  =»  1.0  cm),  was  compared.  Table  3  shows  the  results 
of  statistical  test  on  the  differences  of  variances  among  the  NH ,-N  release 

rates.  No  significant  difference  (P  ■-  0.05)  of  the  variances  was  found  between 
■  =  0.5  cm  and  '•  »  1 .0  cm  in  the  mathematical  model  methods.  There  were  no  sig¬ 
nificant  differences  among  the  two  mathematical  model  methods,  the  laboratory 


1U1 


Table  2. 


Mean  values,  standard  deviations,  and  coefficients  of  variation 
of  NH^-N  flux  evaluated  from  the  laboratory  core  method,  the 

in-situ  core  method,  the  in-situ  chamber  method,  and  the  mathe¬ 
matical  model  method 


Methods 

Determined 

values 

Mean 

2 

(mg  N/m  / day) 

SD 

%cv 

Laboratory  Core  Method 

11.5 

1.76 

15.3 

In-situ  Core  Method 

15.0 

5.83 

38.9 

In-situ  Chamber  Method 

9.6 

1.55 

16.1 

Mathematical  Model  Method 
(AH  =  0.5  cni) 

15.7 

3.04 

19.4 

Mathematical  Model  Method 
(A 1  -  1.0  cm) 

13.2 

2.94 

22.2 

Table  3.  Results  of  statistical  test  on  the  differences  of  variances  among 

the  NH^-N  release  rates  determined  by  the  laboratory  core  method, 
the  in-situ  core  method,  the  in-situ  chamber  method,  and  the 
mathematical  model  method  (A S.  =  0.5  cm  and  A2  =  1.0  cm) 


Laboratory 

Core 

In-situ 

Core 

I n-situ 
Chamber 

Model 

(A Si  -  0.5  cm) 

Model 

(A2  =1.0' 

Laboratory  Core 

X 

NO 

NO 

NO 

In-situ  Core 

X 

NO 

NO 

In-situ  Chamber 

NO 

NO 

Model  (A 2  =  0.5  cm) 

NO 

Mode  1  ( A2  =  1.0  cm) 


X  =  Significant  difference  (P  <  0.05) 

NO  =  No  significant  difference  (P  <  0.05) 
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core  method,  and  the  in-situ  chamber  method.  Significant  difference  (P  <  0.05) 
existed  between  the  in-situ  core  method  and  the  laboratory  core  method,  and 
between  the  in-situ  core  method  and  the  in-situ  chamber  method.  Accordingly, 
the  in-situ  core  method  reflected  the  least  precision  of  the  NH^-N  release 

rate  determinations  among  the  five  methods  as  shown  in  Table  3.  Results  of 
the  statistical  test  indicated  that  there  was  no  difference  among  the  precision 
of  the  NH^-N  release  rates  evaluated  from  the  laboratory  core  method,  the 

in-situ  chamber  method,  and  the  mathematical  model  methods. 

The  differences  of  the  mean  values  of  NH.-N  release  rates  were  examined 

4 

for  the  methods  where  no  significant  difference  among  the  variances  was  found. 
There  was  no  significant  difference  (P  <  0.05)  between  the  mean  values  cal¬ 
culated  from  the  mathematical  model  methods  of  M  =  0.5  cm  and  A l  =  1.0  cm. 

The  mean  values  calculated  from  the  mathematical  model  method  of  Ail  =  0.5  cm 
were  significantly  greater  than  those  evaluated  by  the  laboratory  core  method 
and  the  in-situ  chamber  method. 

However,  the  mean  values  calculated  from  the  mathematical  model  method  of 
AJ.  =  1.0  cm  were  not  significantly  different  from  those  evaluated  from  the 
laboratory  core  method  and  the  in-situ  chamber  method. 

These  statistical  tests  showed  that  the  NH.-N  release  rates  calculated 

from  the  mathematical  model  method  of  A2,  =  1.0  cm  did  not  differ  from  those 
estimated  by  the  methods  of  measuring  the  cumulative  amounts  of  NH^-N  released 

from  sediment  to  overlying  water.  The  mathematical  model  method,  therefore, 
would  be  substituted  for  the  other  methods  that  require  long  time  incubation. 
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ABSTRACT 

Dredging  in  Lake  Suwa  commenced  in  1969  and  is  still 
in  progress.  The  start  of  this  dredging  work  was  very 
early  in  the  history  of  environmental  improvement  in  our 
country.  The  first  stage  work,  which  aimed  to  remove 
sediment  from  shallow  zones  below  2.5  m,  was  finished  in 
1980.  However,  it  brought  about  no  remarkable  improvement 
in  water  quality.  These  results  were  not  surprising  since 
the  dredged  area  was  only  a  small  part  of  the  lake. 

In  review  of  the  results,  a  new  project  was  estab¬ 
lished  in  1981  to  dredge  the  remaining  deeper  zones.  The 
project  began  this  year.  This  paper  deals  with  the  dredg¬ 
ing  and  management  problems  of  this  new  project. 

BACKGROUND 

Lake  Suwa,  located  in  Nagano  Prefecture  in  the  central  part  of  Japan,  is 
the  15th  largest  lake  in  our  country  and  is  759  m  above  sea  level. 

2  2 

It  has  a  basin  of  531.2  km  , ■ a  lake  area  of  13.3  km  ,  and  a  mean  depth  of 
4.7  m.  The  lake  is  surrounded  by  urban  areas  including  several  cities  such  as 
Okaya,  Suwa,  Shimosuwa,  and  Chino.  The  total  population  is  about  150,000.  As 
this  area  is  a  famous  hot  spring  zone,  it  has  a  large  number  of  tourists  in 
addition  to  the  residents.  It  was  natural  that  urban  drainage  would  flow  into 
the  lake  and  cause  serious  pollution  problems. 

The  COD  concentrations  in  the  lake  water  changed  with  time  as  shown  in 
Figure  1.  They  increased  gradually  from  1960,  and  reached  a  maximum  value  of 
10  ppm  in  1973  and  after  that  held  constant  between  6  ppm  and  10  ppm. 

The  lake  is  designated  as  an  A  type  body  of  water  by  the  Environmental 
Agency,  in  which  COD  concentrations  must  be  maintained  below  3  ppm.  The  pres¬ 
ent  state  is  over  twice  that.  Lake  pollution  advanced  so  seriously  that  the 
lake  suffers  from  a  large  crop  of  algal  blooms  in  summer. 
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Figure  1.  Variance  of  COD  concentrations 
SEDIMENT  POLLUTION  . 

In  1978  a  sediment  survey  was  conducted  on  a  large  scale  as  shown  in 
Figure  2.  Sediment  samples  were  taken  from  48  points. 

The  average  nutrient  concentrations  in  sediment  surfaces  were  as  follows 

T-P  -  4100  mg/kg 

T-N  =  4920  mg/kg 


Figure  2.  Sediment  sampling  conducted  in  1978 


* 


Their  maximum  values  were  extremely  high,  indicating  a  large  deviation  as 
follows : 

Max  T-P  =  25,000  mg/kg 

Max  T-N  =  7,950  mg/kg 

From  these  data,  it  was  found  that  large  quantities  of  nutrient  material 
have  accumulated  on  the  lake  bottom.  It  is  likely  that  the  release  rates  from 
sediment  might  also  be  great.  This  is  demonstrated  by  release  tests,  ..which 
show  that  the  release  rates  were  11.9  kg/m2/day  for  T-P  and  15.6  mg/in  /day 
for  T-N.  These  release  materials  generate  a  large  peak  in  nutrient  concen¬ 
trations  in  summer,  as  Yoshida  pointed  out,  and  result  in  a  large  crop  of 
microcystes . 


DREDGING  PROJECT 

The  dredging  in  Lake  Suwa  commenced  in  1969  and  is  still  in  progress. 

The  first  stage  of  the  dredging  work  removed  sediment  from  shallow  areas  below 
2.5  m  (Figure  3).  Completed  in  1980,  the  total  amount  of  dredged  material 
equaled  about  1,500,000  m^. 

This  dredging  had  no  significant  effects  for  the  following  reasons: 

a.  The  dredged  area  occupied  only  about  15%  of  the  total  area. 

b. .  The  majority  of  the  polluting  sediment  is  in  the  deeper  zones,  as 

Figure  4  shows. 

c.  The  dredging  rate  was  too  small.  It  required  12  years  to  remove 
sediment  that  occupied  only  15%  of  the  whole  area. 

Considering  these  results,  it  was  decided  to  dredge  the  deeper  depths  as 
the  second  stage  work.  Beginning  in  1981, ^the  total  amount  of  sediment  to  be 
dredged  was  estimated  at  about  5,300,000  m  .  In  view  of  the  results  up  to 
now,  the  following,  conclusions  are  drawn: 


253 


DISTANCE  OFFSHORE 


'  MG/KG 


Figure  4.  Sediment  pollution 
versus  distance  offshore 


(a)  The  dredging  should  commence  in  the  heavily  polluted  area.  The 

area  to  dredged  is  divided  into  four  blocks  (Figure  5).  The  average 
nutrient  concentration  in  sediment  for  each  block  is  as  follows: 


No.  1 

No.  2 

No.  3 

No.  4 

T-P  mg/kg 

7206 

3225 

3528 

2439 

T-N  mg/kg 

5611 

4989 

5402 

3456 

it  can  be 

seen  that 

the  1st 

block  is 

the  heaviest 

pollution  and  the  4th  is  the  lightest.  Consequently,  the  dredging 
sequence  will  be  I  -+■  II  -+  III  -*■  IV. 


Figure  5.  Four  blocks  of  dredge  area 


The  work  period  will  be  20  years.  Although  the  shortest  possible 
period  is  desirable,  when  considering  the  financial  difficulty, 

20  years  is  judged  appropriate.;  The  dredging  rate  of  the  second 
stage  is  much  larger  than  that  of  the  first  stage. 

I 

The  removal  thickness  of  sediment  was  determined  from  the  following: 

j 

(1)  Vertical  distribution  of  nutrient  concentrations  in 
sediment  against  sediment  depth. 

(2)  Reduction  of  release  rates!  by  sediment  removal. 

! 

j 

(3)  Reduction  of  sediment  oxygen  demand  by  sediment  removal. 

I 

The  relationships  between  release  rates  and  removal  thickness  are 
shown  in  Figure  6.  The  lower  the  release  rate,  the  thicker  the 
removal  thickness.  However,  the  increment  becomes  smaller  according 
to  the  removal  thickness;  the  release  rates  decrease  no  further  if 
the  thickness  is  over  50  cm.  From  this,  the  removal  thickness  was 
set  at  50  cm. 


REMOVE  THICKNESS.  CM 


REMOVE  THICKNESS.  CM 


Figure  6.  Relationship  between  release  rates  and  removal  thickness 
MANAGEMENT  OF  DREDGED  MATERIAL 


In  the  second  stage  work,  the  most  difficult  problem  is  management  of  the 
dredged  material.  In  the  first  stage  work,  the  dredged  material  was  used 
mostly  for  road  banking  (built  around  the  lake  at  the  similar  time).  Such  a 
use  is  not  feasible  at  this  time  since  road  building  is  nearly  complete. 

At  Lake  Suwa  there  is  no  space  for  disposing  the  dredged  material  due  to 
the  narrowness  of  the  land  surrounded  by  high  mountains.  Therefore,  the 
dredged  material  has  to  be  transported  to  other  places,  where  it  might  be  used 
for  banking  and  other  purposes.  To  do  this,  it  is  necessary  to  dewater  the 
dredged  material  as  quickly  as  possible  at  the  lake  side. 

The  dewatering  methods  may  be  classified  in  two  ways:  mechanical  dehy¬ 
dration  and  in-pond  sedimentation.  To  examine  these  two  methods  from  the 
technical  and  economical  view  points,  tests  on  mechanical  dehydration  were 


conducted  in  1981,  and  tests  on  dewatering  by  in-pond  sedimentation  were 
scheduled  for  1982. 

Mechanical  Dehydration  Tests  In  Situ 

The  dredged  material  was  removed2by  a  dredge  with  a  420  h.  p.  pump  and 
transported  hydraulically  to  a  7000-m  disposal  pond  (Figure  7). 

The  test  was  performed  near  the  disposal  pond.  To  promote  sedimentation 
in  the  management  pond,  45  ppm  of  inorganic  flocculant  (PAC)  and  3-7  ppm  of 
polymeric  coagulant  were  added  to  the  pipe  at  the  pond  entrance  (Figure  8). 

A  filter  press  was  chosen  to  dewater  the  dredged  material.  The  filter  press 
has  30  chambers  having  an  area  of  0.9  m  and  a  width  of  117  cm.  The  flowchart 
of  the  test  plant  is  shown  in  Figure  9.  The  layout  of  the  dehydration  test 
plant  is  indicated  in  Figure  10. 

The  tests  were  carried  out  in  such  a  way  that: 

a.  The  densified  slurry  was  pumped  up  from  the  management  pond  by  a  sub¬ 
merged  sand  pump  and  fed  to  the  storage  tank  (27  m-*)  and  therein 
mixed  uniformly  by  a  sand  pump  with  a  mixer. 


b^.  The  homogeneous  slurry  was  transported  to  the  agent  mixing  tank 

(1.5  m^).  Gravel  or  wood  chips  were  removed  by  a  screen  at  the  inlet 
to  the  tank. 

c.  A  predetermined  amount  of  flocculant  was  added  to  the  slurry  in  the 
tank  and  agitated  with  an  agitating  vane,  and  was  then  transported  to 
the  slurry  tank  (6  m^)  set  at  the  bottom. 
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Figure  8.  Management  pond  and  test  site 
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Figure  9.  Flowchart  of  test  apparatus 
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d.  The  coagulated  slurry  was  drawn  out  from  the  tank,  bottom  by  a  high 
pressure  slurry  pump,  pressed  into  the  filter  press  under  pressure, 
and  dehydrated  at  a  pressure  of  3-5  kg/cm-.  After  the  predetermined 
quantity  of  slurry  was  fed,  the  filter  frame  was  opened  and  a  dehy¬ 
drated  cake  discharged. 

e.  The  turbid  filtrate  which  came  out  at  the  first  stage  of  the  dehydra¬ 
tion  process  was  returned  to  the  settling  pond.^  The  clarified  fil¬ 
trate  was  stored  in  the  neutralizing  tank  (22  m  )  and  then  discharged 
into  the  lake. 

The  test  conditions  were  set  as  follows: 

a.  The  specific  gravity  of  the  slurry  pumped  up  from  the  management  pond 
was  adjusted  to  a  range  between  1.04-1.08. 

b.  Three  kinds  of  flocculant  were  used:  slaked  lime,  alum,  and  cement. 
The  use  of  alum  was  expected  to  neutralize  the  dehvdrated^cake  with 
the  mixture  of  slaked  lime.  Their  dosage  was  1.0-10  kg/m  of  slurry. 

c.  The  feeding  duration  of  slurry  to  the  press  was  20-135  min. 
l'est_  Results 

Dehydrated  Cake 

i  tie  properties  of  the  dehydrated  cake  are  shown  in  fable  1. 

Table  1.  Cake  Properties 


1 1  e:n 

Water  content 
‘'nit  weight 
pii 
Oil) 

I'-P 

I'.u 

As 


Slaked  Time 

I'n  i  t 

Slaked  Time 

and  Alum 

3 

g  /  cm 

135-166 

1  30-166 

1. 30-1. 34 

1.28-1.  32 

1 

o 

■ — < 

8. 4-9. 2 

mg/ g 

30. 1-48.6 

39.4-44. 7 

mi/ti 

4.6-5. 5 

4.  3-5.  3 

mg/ g 

2. 1-2.2 

2. 0-2. 2 

mg/kg 

1.2-2. 9 

1. 8-4.0 

mg/kg 

OC 

1 

v-o 

2.2-4. 3 

!!ie  difference  between  single  (slaked  lime)  and  mixed  coagulants  (staked 
Lime  and  alum)  appeared  in  the  pii  values,  with  the  latter  indicating  the  lower 
values  of  pH. 
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Filtrate 


The  properties  of  filtrates  are  shown  in  Table  2. 

Table  2.  Filtrate  Properties 


Item 

l!n  i  t 

Only- 

Slaked  Lime 

Slaked  Lime  and 
Alum  Mixed 

pH 

10.4-11.4 

7. 6-9. 4 

ss 

mg/' ». 

14.0-17.4 

6.0-17.0 

i urbidity 

degr. 

3-9 

1-8 

COD 

mg/  . 

19.  3-22. '7 

6.4-12.5 

T-S. 

mg/ . 

5. 0-7.0 

2.6-3. 5 

1-P 

mg/.. 

0.25-0. 30 

0.06-0.15 

I'he  use  of  mixed  coagulants  ve  good  results  for  every  item  and  is 
recommended  over  slaked  lime. 

Relationship  Between  Filtration  Kates  a..d  Coagulant  Dosage 

I  he  filtration  capacity  is  normally  repr<  need  in  terms  of  filtration 
rate,  which  denotes  the  quantities  of  the  dehydrated  cake  per  unit  of  filtra¬ 
tion  area  and  unit  time.  From  the  test  results,  it  is  found  that  the  filtra¬ 
tion  rates  depend  upon-  tiie  specif ic  .gravity  of  the  slurry,  kinds  of  coagulant, 
and  water  content  o!  the1 cake.  I  he  test  results  are  summarized  in  Figure  11. 

As  Figure  il  shows,  the  higher  the  coagulant  dosage,  t.  higher  tiie  fil¬ 
tration  rate.  However,  tiie  filtration  rate  stops  increasing  beyond  a  certain 
point. 

From  these  data,  we  can  say  that  an  appropriate  filtration  capacity  for 
lake  sediment  in  Suwa  is  A. 73  kg/nr/hr  at  dredged  sediments. 


O  INCLUSIONS 


I  he  tests  results  are  summarized  in  fable  j. 

; he  tests  Ve riii ed  the  ipnlicabi 1 i tv  of  mechanical  dehydration  to  sedi- 
-i.  ru  dew  iter  in.t.  I  lie  most  ad  v  m  t  ucoous  points  of  the  mechanical  dehydrator 
are  (1)  minimal  water  co-o.-nt  or  : cake,  (2)  minimal  treatment  time,  and 
1  j)  minimal  space  requi  rerte-.-rs. 

1  he  so  points  a;  ;  i  t  >  the  conditions  at  ''uwa  Lake  since  there  is  no  place 
for  dispisil.  ■-'owe-  r ,  it  is  presumed  that  tiie  onlv  disadvantage  or  the 
-  egaanical  deir.-drator  ma  •  ire  tiie  hi  .ii  cost  of  operation  and  equipment.  "o 
•  tudy  Luis  proui.-m,  tests  on  dewatering  bv  in-pond  sCd inert Jt i on  are  sciiednled 
to  he  conducted  in  I'eSd.  1  he  technical  and  economical  comparison  between  them 
will  be  examined  upon  test  completion. 


S<ediaeut  Content 

Sp.  Cravlty  of  Caicca 

p’un-L08  w«  iso 


w  1 135 


—  P-1.04- 1.05  «  ■  150 


0  1C  20  CO  40  50  60 

DOSAGE  OF  COAGULANTS.  KG/TON  OF  DREDGED  SEDIMENTS 

Figure.  11.  Relationship  between  filtration  rates  and  dosage  of  coagulants 


Table  3.  '  Results  of  Mechanical  Dehvdration  Tests 


Dosage  of 

Coagulants  per 
ton  of  Dredged 

dredged  Slurrv 

Sed inents 

Dehydrated  Cake 

Filtrate 

1)  density 

fl)  Slaked  lime 

(1)  Water  content 

(1) 

pH  7-8.6 

1 .  04-1 , 05  t  /?. i 

1  -  .  5  s.  g 

150' 

i average 

(O 

SS  ■'  50  mg/.' 

->  Solid  concen¬ 

U.u  kg/m 

il)  Wet  unit 

trations 

slurrv ) 

we  i  gilt 

1  .  3  30  t/n 

(3) 

COD  •:  JO  mg/. 

SO  k .•  /":  ’ 

i  J ')  .Mum  1J.5  kg 

(  ) 

!->:  -  5  tig/. 

1  a  Ye  ra.-e  , 

(  ii  Compressive 

.  '  *  Km*  ! \"i 

strength  , 

( ’>) 

;-!>  ‘»c  mg/. 

slurrv ) 

0.5  kg/cm“ 

<  .)  Cone  penet ra¬ 
ter  dentil 
1  n/::i 


EMERGENCY  RESPONSE  EQUIPMENT  TO  CLEAN  UP  HAZARDOUS  CHEMICAL 
RELEASES  AT  SPILLS  AND  UNCONTROLLED  WASTE  SITES 

I.  Wilder 

Chief,  Oil  and  Hazardous  Materials  Spills  Branch 
Solid  and  Hazardous  Waste  Research  Division 
Municipal  Environmental  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Edison,  New  Jersey  08837 


ABSTRACT 

This  paper  reviews  some  of  the  research  activities 
of  the  U.S.  Environmental  Protection  Agency  (EPA)  re¬ 
garding  the  development  of  emergency  response  equipment 
to  control  hazardous  chemical  releases.  Several  devices 
and  systems  have  been  developed  by  EPA  for  environmen¬ 
tal  emergencies  involving  spills  and  uncontrolled  waste 
sites.  Many  of  these  have  already  been  made  available 
commercially  by  industry,  including  a  mobile  physical/ 
chemical  treatment  system  for  processing  contaminated 
water  at  hazardous  incidents  and  a  mobile  laboratory 
for  onsite  chemical  analyses.  Other  operationally 
ready  devices  addressed  in  this  paper  *■  elude:  a  mobile 
stream  diversion  system  for  isolating  segments  of  small 
streams  to  facilitate  the  remove*  ■»f  contaminated  sedi¬ 
ments;  a  portable  back-pack  rv  .  -  hane  foam  diking 
system  for  the  containment  of  ->pilleo  'nr  icals;  and  an 
acoustic  emission-based  spill  alert  dev.c.  for  detect¬ 
ing  imminent  dike  failure  at  lagoons  containi.-g  toxic 
and  hazardous  wastes.  Prototypical  equipment,  described 
in  this  paper,  which  are  now  undergoing  shakedown  test¬ 
ing  and  evaluation  include:  a  mobile  soils  washing 
system  for  extracting  spilled  materials  from  excavated 
soils  onsite;  and  a  mobile,  field-use  incineration 
system  for  the  thermal  destruction  of  toxic  organic 
compounds. 


INTRODUCTION 


Problem 


Billions  of  metric  tons  of  oils  and  hazardous  chemicals  are  produced  and 
handled  annually  in  the  United  States.  These  materials  range  from  gasoline 
and  fuel  oils,  to  vegetable  oils,  sulfuric  acid,  lye,  chlorine  and  chlorin¬ 
ated  compounds,  cyanides  and  isocyanates,  and  include  hundreds  of  millions  of 
kilograms  of  toxic  pesticides  and  pharmaceuticals.  Millions  or  metric  tons 
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are  released  into  the  water,  land,  and  air  environment  each  year— often  with 
catastrophic  consequences— due  to  spills  resulting  from  ship,  truck,  and  train 
accidents,  equipment  malfunction,  transfer  line  failure,  broken  pipelines, 
lagoon  dike  rupture,  overfilling,  leaking  storage  tanks,  container  puncture, 
flood,  earthquake,  fire,  and  explosion. 

Similarly,  millions  of  metric  tons  of  hazardous  wastes  are  generated  in 
this  country  each  year  from  manufacturing,  processing,  and  other  industrial 
operations.  Disposal  of  this  substantive  quantity  of  waste  is  a  matter  of 
great  public  concern  in  the  wake  of  numerous  case  histories  involving  negli¬ 
gent  dumping  practices  resulting  in  several  instances  of  contamination  that 
have  severely  damaged  the  environment  and  threatened  human  life.  Perhaps  the 
most  dramatic  example  of  inadequate  disposal  of  hazardous  chemical  wastes 
occurred  near  Niagara  Falls,  New  York,  where  hundreds  of  families  living 
along  an  abandoned  waste  disposal  site,  known  as  Love  Canal,  had  to  perma¬ 
nently  evacuate  their  homes  when  the  toxic  chemicals  migrated  from  the  site 
and  seeped  througn  the  ground  into  their  basements., 

Legislative  Background 

The  U.S.  Congress  addressed  tne  problem  of  oil  and  hazardous  material 
spills  in  Public  Law  95-217,  the  Clean  Water  Act  (CWA)  of  1977,  and  its  pre¬ 
decessor  statute.  Public  Law  92-500,  the  Water  Quality  Improvement  Act  of 
1972,  which  authorizes  the  Federal  Government  to  take  emergency  response1 
action  when  oils  and  specially  designated  hazardous  substances  are  dis¬ 
charged  into  navigable  waters  (1).  These  statutes,  however,  are  seriously 
limited  in  tneir  authority  to  deal  with  the  variety  of  problems  caused  by 
releases  of  hazardous  substances  onto  land  or  into  groundwater  and  air. 

Public  Law  94-580,  the  Resource  Conservation  and  Recovery  Act  (RCRA)  of 
1976,  was  the  first  comprehensive  Federal  legislation  to  deal  with  the  haz¬ 
ardous  waste  issue.  RCRA  establishes  a  regulatory  system  to  track  hazardous 
wastes  from  the  time  of  generation  to  disposal.  It  requires  safe  and  secure 
procedures  to  be  used  in  treating,  storing,  and  disposing  of  hazardous  wastes 
and  is  designed  to  prevent  the  creation  of  new  Love  Canals  in  the  future. 

RCRA,  however,  does  not  permit  the  government  to  respond  directly  to  the 
problems  caused  by  improper  (uncontrolled)  hazardous  waste  disposal  sites 
already  in  existence. 

Legal  authority  to  overcome  the  limitations  of  both  CWA  and  RCRA  was 
provided  in  1980  by  the  enactment  of  Public  Law  96-510,  the  Comprehensive 
Environmental  Response,  Compensation,  and  Liability  Act  (commonly  known  as 
Superfund)  (2)  which  authorizes  Federal  emergency  response  to  any  hazardous 
substance  release  into  the  environment  which  endangers  public  health  and 
welfare— including  the  cleanup  of  uncontrolled  hazardous  waste  sites  and  the 
mitigation  of  spills  not  only  in  navigable  waters,  but  also  in  groundwaters, 
soils,  sediments,  and  the  atmosphere. 

RESEARCH  AND  DEVELOPMENT 

Successful  implementation  of  the  Superfund  legislation,  as  well  as  the 
Clean  Water  Act  and  the  Resource  Conservation  and  Recovery  Act,  requires  major 
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research  and  development  efforts.  Controlling  and  cleaning  up  hazardous  sub¬ 
stances  is  a  relatively  complex  field.  Specialized  equipment  and  techniques 
are  needed  in  order  to  respond  quickly  and  effectively  to  emergencies  and  to 
dispose  of  the  materials  in  an  environmentally  safe  manner.  Both  industry 
and  the  government  are  working  diligently  to  learn  more  about  controlling 
these  materials  and  to  develop  appropriate  cleanup  devices  and  equipment. 
Within  the  U.S.  Environmental  Protection  Agency  (EPA),  the  Municipal  Environ¬ 
mental  Research  Laboratory  (MERLj  has  the  lead  role  for  research  and  develop¬ 
ment  related  to  hazardous  waste  environmental  emergencies.  Through  a  program 
at  its  Oil  and  Hazardous  Materials  Spills  Branch  in  Edison,  New  Jersey,  MERL 
is  developing  prototypical  equipment  and  experimental  techniques  for  the 
prevention,  control,  and  abatement  of  multi-media  pollution  from  hazardous 
chemical  spills  and  mismanaged  hazardous  waste  disposal  sites. 

The  main  thrust  of  the  program  centers  around  emergency  response  research 
to  develop  the  tools  to  remove  the  immediate  threat  of  a  hazardous  material 


Figure  !.  Oil  and  Hazardous  Materials  Simulated  Environmental  Test  Tank 
(OHMSETTj,  the  world's  largest  facility  for  the  environmen¬ 
tally  safe  testing  of  spill  cleanup  methods  and  technologies. 
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incident  in  order  to  control  the  emergency  and  protect  human  health  and  the 
environment.  A  major  testing  facility  of  the  program  is  the  Oil  and  Hazard¬ 
ous  Materials  Simulated  Environmental  Test  Tank  (OHMSETT),  which  consists 
chiefly  of  a  9.8  million  liter  (2.6  million  gallon)  concrete  tank  with  mobile 
bridges,  a  wave  generator,  and  a  simulated  beach  (Figure  1).  OHMSETT  is  the 
only  facility  in  the  world  of  its  kind  for  the  testing,  evaluation,  and  devel 
opment  of  ful 1 -scale  spill  cleanup  equipment,  devices,  and  systems  under 
controlled,  environmentally  safe  and  reproducible  conditions  (3,4). 

Development  of  hardware  and  techniques  is  carried  out  from  the  cone  .nf. 
stage  through  the  prototype  stage  to  field  testing  and  demonstration,  m 
major  objective  of  the  program  is  to  demonstrate  the  applicability  ot  the 
prototypical  equipment  at  spills  and  waste  sites  throughout  the  country, 
thereby  stimulating  the  commercial  adoption  or  adaptation  of  the  devices  and 
encouraging  private  firms  to  manufacture  or  use  similar  equipment. 

Equipment  or  Systems  Currently  Field  Ready 

Several  prototypical  emergency  response  devices  have  been  developed, 
tested,  evaluated,  and  demonstrated  to  the  point  where  they  are  fully  opera¬ 
tional  (5).  Examples  of  some  of  these  field-ready  devices  follow: 

Mobile  Physical /Chemical  Treatment  System 

This  device  (figure  2)  is  designed  to  remove  hazardous  chemicals  from 
water  by  a  variety  of  physical/chemical  treatment  steps  employed  in  the 


Figure  2.  Mobile  physical/chemical  treatment  system  for  processing  con¬ 
taminated  water. 


field.  It  contains  equipment  for  coagulating  and  settling  suspended  solids, 
filtering  very  fine  particulates,  and  adsorbing  dissolved  organic  contami- 
nents  using  granular  activated  carbon.  Mounted  on  a  13. 7- m  (45-ft)  drop  deck 
trailer,  tne  system  (6)  incorporates  three  mixed-media  filters,  three  pressure 
caroon  columns  (which  may  be  used  in  parallel  or  in  series),  pumps,  piping 
controls,  and  a  100-KW  diesel  generator.  A  support  trailer  is  equipped  with 
additional  pumps  and  several  collapsible  rubber  tanks  which  serve  as  sedimen¬ 
tation,  chemical  reaction,  and  storage  containers.  Contaminated  water  can  be 
processed  at  flow  rates  between  379  and  2270  liters  (100  to  600  qallons)  per 
minute.  The  system  has  been  used  at  more  than  30  cleanups  of  uncontrolled 
hazardous  waste  sites  and  spills  of  hazardous  materials  around  the  country. 
Commercial  units  patterned  after  the  EPA  system  are  now  routinely  employed. 

Mobile  Decontamination  Station 

This  12.2-m  (40-ft)  trailer  (Figure  3)  is  engineered  to  provide  onsite 
safety  support  for  emergency  response  personnel.  It  is  intended  to  ensure 
that  exposed  personnel  do  not  leave  the  site  without  a  proper  washdown  and 
clothing  change.  The  unit  is  placed  at  the  boundary  of  a  cleanup  site,  and  all 
personnel  are  required  to  pass  through  it  when  entering  and  leaving  the  site. 
The  trailer  is  divided  into  three  compartments:  [1]  a  "clean"  room  with 
lockers  for  storing  street  clothing;  [2]  a  shower  room;  and  [3]  a  "contamin¬ 
ated"  room  witn  lockers  for  work  clothing.  This  room  also  includes  a  clothes 
wasner  and  dryer.  The  decontamination  station  is  equipped  with  a  freshwater 
supply  and  holding  tanks  for  wastewater  which  must  be  processed  prior  to  dis¬ 
charge.  The  unit  has  already  been  used  in  the  field  in  support  of  cleanup 
activities,  and  has  been  duplicated  by  a  commercial  spill  cleanup  contractor. 


Figure  3.  Mobile  decontamination  station  for  use  of  field  personnel  at 
cleanuD  activities  involving  toxic  materials. 


Mobile  Laboratory 

This  unit,  contained  within  a  10.7-m  (35-ft)  semi-trailer  (Figure  4),  is 
designed  to  provide  analytical  services  during  the  cleanup  of  hazardous  mate¬ 
rials  at  spills  and  uncontrolled  waste  sites  (7).  Having  analytical  capabili¬ 
ties  at  the  field  site  avoids  delays  inherent  in  shipping  samples  to  a  central 
laboratory.  The  mobile  laboratory  contains  a  broad  range  of  sophisticated 
instrumentation,  including  a  gas  chromatograph/mass  spectrometer  (GC/MS),  com¬ 
puterized  gas  chromatographs,  an  atomic  absorption  spectrometer,  infrared  and 
fluorescence  spectrometers,  and  other  highly  sensitive  analytical  tools. 
Special  sample  processing  techniques  and  glove  boxes  permit  safe  handling  of 
high  concentrations  of  toxic  chemicals.  During  the  past  few  years,  the 
mobile  laboratory  has  been  used  to  perform  several  thousand  sample  analyses 
in  a  variety  of  emergency  response  situations.  The  laboratory  has  been  used 
as  a  model  by  a  number  of  spill  cleanup  contractors  who  have  built  similar 
mobile  units  for  commercial  application. 


Figure  4.  Mobile  laboratory  to  provide  analytical  services  at  emergency 
incidents  involving  hazardous  chemicals. 


Acoustic  Emission  Monitoring  Device 

This  device  (Figure  5)  is  designed  to  provide  an  early  warning  of  poten¬ 
tial  failure  to  eartnen  dams  containing  hazardous  materials  (3).  Earthen  dam 
ponds  can  be  found  at  almost  any  hazardous  waste  site  in  the  United  States. 
Many  of  these  impoundments  are  unstable  and,  with  slight  overstressing  (such 
as  from  neavy  rains),  may  collapse  and  spill  their  contents  into  the  environ¬ 
ment  with  potentially  drastic  consequences.  The  acoustic  emission  monitoring 
device  detects  instability  in  earthen  dikes  by  measuring  noises  generated  by 
soil  particle  movement.  The  intensity  and  frequency  of  these  sounds  (acous¬ 
tic  emissions)  have  been  correlated  with  stress  levels  for  various  soils  and, 
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therefore,  can  be  used  to  indicate  stability  of  dike  structures.  Acoustic 
emissions  are  transmitted  to  the  surface  of  the  dike  through  metal  rods  (wave¬ 
guides)  inserted  into  the  impoundment  wall.  These  sounds  are  converted  to 
electrical  signals  which  are  amplified  and  recorded  for  analyses.  The  device, 
wnicn  has  been  commercial ized  in  at  least  three  versions,  has  received  wide 
recognition  as  a  simple,  portable,  inexpensive  tool  for  assessing  impoundment 
stability  and  preventing  spills. 


Figure  5.  Acoustic  emission  monitoring  device  for  detecting  imminent 

dike  failure  at  lagoons  containing  toxic  and  hazardous  wastes. 


Foam  Dike  System 

This  system  (Figure  6)  is  designed  to  provide  a  rapid  response  method  for 
containing  or  diverting  the  flow  of  many  spilled  hazardous  chemicals  (9,10). 
The  diking  unit  consists  of  an  13-kg  (40-lb)  back-pack  device  that  generates 
approximately  0.8  m-3  (30  ft^)  of  two-component,  very  rapid  set-up  polyure¬ 
thane  foam.  Larger  sized  commercially  available  units  are  capable  of  deliver¬ 
ing  1.8  (65  ft 3)  of  foam  which  provides  sufficient  material  to  construct 

a  barrifr  0.3  m  (1  ft)  high  by  0.3  m  (1  ft)  wide  by  6  m  (20  ft)  in  diameter, 
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whicn  could  impound  approximately  7570  liters  (2000  gallons)  of  spilled  hazard¬ 
ous  liquid.  The  polyurethane  foam  adheres  well  to  most  dry  surfaces  (pavement, 
earth,  etc.)  for  making  stable  dikes,  and  can  also  be  used  to  plug  storm  drains 
on  streets  to  prevent  spilled  hazardous  materials  from  entering  sewer  systems. 
The  diking  unit  has  been  designed  as  a  compact,  portable  device  to  be  carried 
by  individual  operators  such  as  truck  drivers  or  railroad  train  personnel. 
Several  fire  departments  in  this  country  have  already  used  the  foam  diking 
system  in  emergency  response  operations  involving  hazardous  substance  releases. 


Figure  6. 


Foam  dike  system  for  the  emergency  containment  of  spilled 
hazardous  chemicals. 


Mobile  Stream  Diversion  System 

The  system  (Figure  7)  is  intended  to  isolate  segments  of  small  streams  so 
that  contaminated  sediments  can  be  removed  easily  with  mechanical  earthmoving 
equipment  (11).  This  approach  is  an  alternative  to  dredging  which  typically 
requires  extensive  water  treatment  to  remove  contaminants  that  become  sus¬ 
pended  or  dissolved  during  the  pumping  operation.  Dredging  also  often  leads 
to  the  downstream  spread  of  the  contaminant  as  a  result  of  resuspension  of 
bottom  muds  and  silts.  Isolation  of  a  contaminated  stream  is  accomplished  by 
damming  the  stream  above  the  impacted  area  and  bypassing  the  normal  stream 
flow.  The  stream  diversion  technique  permits  the  spill-impacted  segment  to 
dry,  thus  facilitating  mechanical  cleanup.  The  major  components  of  the  sys¬ 
tem  are  booster  pumps,  submersible  pumps,  generators,  a  crane,  and  aluminum 
irrigation  pipe.  The  system  is  designed  to  bypass  the  flow  (up  to  0.37  m^/s 
[13  ft-Vsj)  of  a  small  stream  for  distances  up  to  914  m  (3000  ft).  An 
alternative  use  of  the  mobile  stream  diversion  system  is  to  divert  or  reroute 
surface  runoff  water  around  a  highly  contaminated  hazardous  waste  site  and 
prevent  the  spread  of  contamination  to  areas  down  gradient  of  the  site. 
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Figure  7.  Mobile  stream  diversion  system  for  isolating  segments  of  small 
streams  to  facilitate  the  removal  of  contaminated  sediments. 


Hazardous  Materials  Spill  Warning  System 

This  in-stream  system  (12),  wnich  is  capable  of  detecting  a  variety  of 
spilled  hazardous  materials  in  waterways,  is  housed  in  an  air-conditioned 


Figure  8.  Hazardous  materials  spill  warning  system  for  the  continuous 
in-stream  detection  of  a  broad  variety  of  spilled  hazardous 
chemicals  in  water. 
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8.2-m  (27-ft)  automotive  trailer  (Figure  8).  The  system  operates  continu¬ 
ously  at  an  unattended  station,  without  maintenance,  for  a  period  of  14 
days.  A  submersible  pump  in  the  watercourse  supplies  uninterrupted  water 
samples  to  instrument  consoles  in  the  trailer.  The  consoles  contain  the  fol¬ 
lowing:  [1]  pH,  electrical  conductivity,  and  oxidation-reduction  potential 
sensors  for  the  detection  of  acids  and  bases,  ionic  compounds,  and  oxidizing 
and  reducing  substances,  respectively;  f?]  a  total  organic  carbon  analyzer 
with  a  built-in  recorder  for  the  detection  of  organic  compounds;  [3]  a  dif¬ 
ferential  ultraviolet  absorptimeter  for  the  detection  of  aromatic  compounds; 
and  [4]  a  control  console  with  strip  chart  recorders.  The  hazardous  materials 
spill  warning  system  has  already  been  demonstrated  in  the  field  to  monitor 
discharges  from  uncontrolled  hazardous  waste  sites. 

Equipment  or  Systems  Currently  Under  Test  and  "valuation 

A  number  of  prototypical  emergency  response  system?  are  now  undergoing 
final  shakedown  testing  and  evaluation  prior  to  full-scale  field  trials. 
Examples  of  some  of  these  systems  follow: 

Mooile  Incineration  System 

Tnis  system  (13)  was  developed  for  field  use  to  destroy  hazardous  organic 
substances  collected  from  cleanup  operations  at  spills  and  uncontrolled  haz¬ 
ardous  waste  sites.  The  unit  is  designed  to  EPA's  PCB  destruction  specifica¬ 
tions  (under  Puolic  Law  94-469,  the  Toxic  Substances  Control  Act  of  1976)  to 
provide  state-of-the-art  tnermal  detoxification  of  long-lived,  refractory 
organic  compounds.  Hazardous  substances  that  can  be  incinerated,  for  exam¬ 
ple,  include  compounds  containing  chlorine  and  phosphorus  (such  as  PCB's, 
kepone,  dioxins,  and  organophosphate  pesticides)  which  may  be  in  pure  form, 
in  solution,  in  sludges,  or  in  soils. 

The  mobile  incinerator  consists  or  four  over-the-road  trailers  (Figure  9; 
with  specialized  combustion  equipment,  air  pollution  control  devices,  and 
monitoring  instrumentation.  Organic  wastes  are  fully  vaporized  and  com¬ 
pletely  or  partially  oxidized  at  982°C  (1800°F)  in  a  refractory- 1 ined 
rotary  kiln.  Off-gases  are  passed  through  a  secondary  combustion  chamber  at 
1204°C  (2200°Fj  where  thermal  decomposition  of  the  contaminants  is  com¬ 
pleted.  Acid  gases  and  particulates  generated  by  the  combustion  process  are 
removed  in  the  system's  sophisticated  air  pollution  control  apparatus.  A 
cornprehensi ve  monitoring  system  is  used  to  analyze  the  flue  and  stack  gases 
for  comoustion  and  emission  components  and  is  designed  to  automatically  halt 
the  feeding  of  waste  to  the  incinerator  if  gas  emissions  exceed  acceptable 
levels.  Design  processing  rates  for  the  incinerator  are  4080  kg/hr  (9000 
lb/hr)  of  contaminated  dry  sand,  or  680  kg/hr  (1500  ib/hr)  of  contaminated 
water,  or  234  1/nr  (7o  gal/hr)  of  contaminated  fuel  oil. 

A  series  of  test  burns  with  fuel  oil  has  already  been  completed.  In 
oruer  to  systematical ly  evaluate  the  equipment,  PCB  trial  burns  are  currently 
under  way.  These  trials  arp  intended  to  demonstrate  the  incinerator's  ability 
to  meet  or  exceed  the  performance  requirements  established  by  Federal,  State, 
and  municipal  regulations.  After  the  trials,  the  system  will  be  demonstrated 
at  severa1  hazardous  waste  sites  around  the  country. 
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Figure  9.  Mobile  incineration  system  for  the  onsite  destruction  of 
refractory  organic  compounds. 


Modi le  Carbon  Kegeneration  System 

Waters  con t am in at ea  with  hazardous  substances  can  now  be  cleaned  with 
water  purification  equipment  such  as  the  EPA  mobile  physical /chemical  treat¬ 
ment  system  (discussed  above).  Systems  of  this  nature,  which  utilize  granu¬ 
lar  activated  carbon  to  adsorb  the  organic  contaminants  from  the  water,  can 
be.  made  more  cost-effective  with  onsite  regeneration  of  the  spent  caroon — 
thereby  eliminating  the  problems  associated  with  the  transportation  of  contam 
inated  carbon  to  a  secure  landfill  or  an  offsite  regeneration  facility. 

The  mobile  carbon  regeneration  system  (Figure  10)  provides  a  safe  and 
effective  method  for  detoxifying/regeneratipg  contaminated  carbon  at  the 
cleanup  site.  The  system  (14),  mounted  on  <:  13.7-m  (45-ft)  semi -trai ler,  con 
tains  a  rotary  kiln  that  heats  the  caroon  in  a  slightly  reducing  atmosphere 
to  about  98<i0C  (1800°F)  and  releases  the  adsorbed  contaminants  as  a  vapor. 
(The  atmosphere  in  the  kiln  is  conditioned  with  water  to  enhance  reactivation 
of  the  caroon.)  The  vapor  passes  into  a  secondary  combustion  chamber  where 
it  is  totally  decomposed.  The  flue  gases  are  quenched  with  water  sprays  and 
scrubbed  with  alkaline  solution  to  neutralize  acids  and  remove  particulates 
before  venting  to  the  atmosphere.  Once  the  carbon  is  cooled  with  water,  it 
is  ready  for  reuse.  The  design  processing  rate  for  the  carbon  regenerator  is 
45.4  kg/hr  (100  Ib/nr)  of  dry  granular  activated  carbon  with  90%  of  the 
carbon's  adsorption  capacity  restored  after  regeneration. 


The  mobile  carbon  regeneration  system  is  now  undergoing  comprehensive 
shaneoown  testing  and  evaluation,  and  is  expected  to  be  ready  for  field 
demonstration  during  1983. 


figure  lu.  Mobile  carbon  regeneration  system  for  field  use  in 

reactivating  spent  granular  activated  carbon  used  in 
spill  or  waste  site  cleanup  operations. 


Mobile  Soils  Washing  bystem 

This  system  (currently  under  development)  is  being  designed  for  on'iitp 
removal  of  a  oroad  range  of  nazaraous  materials  from  excavated  soils  (lb). 

The  soils  washer  is  expected  to  oe  an  economical  alternative  to  the  current 
practice  of  hauling  contaminated  soils  offsite  to  a  landfill,  and  replacing 
tne  excavated  volume  with  fresn  soil  onsite.  The  system  will  be  capable  of 
extracting  contaminants  from  soi ls--“artificia! ly  leaching’*  the  soil  using  a 
water-based  cleaning  agent--and  thereby  enabling  operators  to  leave  the 
treated  soil  onsite.  To  accomplish  this,  the  soil  is  passed  through  a  rota¬ 
ting  drum  screen  water  knife  soil  scrubber  wnere  soil  lumps  are  broken  apart 
by  intense  jets  of  water,  and  chemicals  are  stripped  from  soil  particles. 

The  resulting  soil  slurry  is  fed  into  a  4-stage  counter-current  chemical 
extractor  (similar  to  Figure  11).  Each  stage  consists  of  a  mixing,  froth- 
flotation  cell  connected  in  series  with  hydrocyclones  which  centrifugal ly 
separate  solids  from  liquids.  The  soi]  particles  are  agitated  repeatedly  in 
washing  fluid  and  are  progressively  H  ;ontaminated  as  they  flow  through  each 
stage.  Tne  cleansed  soil  is  then  returned  to  the  site.  The  extracted  hazard¬ 
ous  contaminants  are  separated  from  the  washing  fluid  using  physical/chemical 
treatment  procedures  (flocculation,  sedimentation,  carbon  adsorption,  etc.). 
The  cleaned  washing  fluid  ij  recirculated  while  the  separated  and  concentrated 
contaminants  are  dispose,  of  by  appropriate  means. 
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Tne  prototype  soils  washiny  system  will  Pe  capable  of  processing  3  to 
14  m3  (4  to  18  yfl3)  of  contaminated  soil  per  hour,  depending  on  the  soil 
particle  size  and  the  nature  of  the  contaminant.  The  device  is  expected  to 
be  ready  for  shakedown  testing  and  field  trials  in  1983. 


figure  11.  Chemical  extractor  for  separating  spilled  materials  from 
excavated  soils  onsite. 


Mobile  In  Situ  Soils  Treatment  System 

Wnere  large  volumes  of  subsurface  soils  are  contaminated  at  spills  or  haz¬ 
ardous  waste  sites,  excavation  of  tne  soil  is  not  economically  feasible.  A 
•  juineri.  t  a  My  available  alternative  approach  is  to  flush  the  soil  in  place 
witn  water.  The  mobile  in  situ  soils  treatment  system  (16)  offers  an  innova¬ 
tive,  improved  technique  for  treating  contaminated  subsurface  soils  in  place 
at  reduced  costs,  in  t“rms  of  dollars  per  kilogram  of  contaminant  removed. 

The  technique  employs  water  flushing  with  additives,  and  detoxification  by 
chemical  reaction. 

Tne  system  (Figure  !y)  is  mounted  on  a  73.1 -m  (43-ft)  drop  deck  trailer 
and  consists  mainly  of  mixing,  piping,  ana  pumping  equipment.  In  situ  con¬ 
tainment  can  oe  accomplished  with  this  system  through  direct  injection  of 
grouting  material  into  the  soil  around  the  contaminated  area,  thereby  isolat¬ 
ing  the  area.  The  cor.tam i nants  are  then  treated  in  place  by  water- f  1  ushi ng 
with  additives  or  by  other  methods  such  as  oxidation/reduction,  neutraliza¬ 
tion,  or  precipitation.  Specially  prepared  solutions  of  wash  water  can  be 
delivered  into  highly  contaminated  soil  through  16  injectors  (slotted  or  per¬ 
forated  pipes  which  are  inserted  into  e  series  of  holes  drilled  into  the 
impacted  area).  A  vacuum  well  point  withdrawal  system  creates  an  artificial 
hydraulic  yradient  which  draws  tne  wash  solution  from  the  injectors  through 


the  contaminated  soil  thereoy  speeding  up  the  natural  groundwater  leaching 
process.  The  now  chemically  contaminated  wash  solution  is  processed  through 
a  mooile  water  treatment  unit  where  contaminants  are  removed.  Chemical 
additives  are  then  introduced  into  the  cleansed  wash  solution  which  is 
reinjected  into  the  contaminated  area  for  further  treatment. 

Preliminary  testing  of  the  moOile  in  situ  soils  treatment  system  has  been 
completed  and  snakedown  testing  is  now  under  way.  The  unit  is  scheduled  for 
field  evaluation  in  1983. 


Figure  12.  Mooile  in  situ  soils  treatment  system  for  cleaning  and 
detoxifying  subsurface  contaminatetd  soils  in  place  by 
water-flushing  with  additives,  or  by  chemical  reaction. 


Other  Technologies 

The  devices  descrioed  in  the  preceding  paragraphs  are  but  a  few  of  the 
items  of  emergency  response  hardware  developed  under  the  EPA  Oil  and  Hazard¬ 
ous  Materials  Spills  (OHMS)  Branch  research  program.  Other  outputs  of  the 
program  worthy  of  mention  include  the  following: 

-  A  trailer-mounted  multi-purpose  gelling  agent  system  for  solidifying  and 
immobilizing  spilled  hazardous  liquids  and  preventing  their  penetration 
through  the  soil  into  groundwater  supplies  (17,18). 

-  A  pallet-mounted  emergency  collection  bag  and  pumping  system,  consisting 
of  a  26,500-liter  (7000-gallon)  furled  Teflon-coated  urethane  bag  and 
battery-powered  or  explosion-proof  gasoline  motor-driven  pumps,  for 
temporarily  storing  spilled  hazardous  chemicals  (10). 


275 


Portable  field  kits  for  use  by  spill  response  personnel  to  detect  and 
identify  a  wide  variety  of  spilled  cnemicals  in  waterbodies  (19,20). 

Enzyme-based  systems  for  detecting  the  presence  of  spilled  organophos- 
phate  and  carbamate  pesticides  in  water  (21,22,23). 

A  cyclic  co!orimeter--a  device  capable  of  performing  opacity-sensitive 
determinations  for  the  detection  of  spilled  heavy  metals  in  water  (24). 

A  field  test  kit  for  screening  the  contents  of  chemical  waste  drums  at 
uncontrolled  disposal  sites  for  the  presence  of  strong  oxidizing  and 
reducing  agents  (25). 

An  ultrasonic  device  for  locating  sunken  insoluble  hazardous  materials  on 
the  bottoms  of  water  bodies  (26). 

A  computerized  file  of  case  history  information  which  documents  past 
field  experiences  of  actual  hazardous  material  incidents  and  provides 
easy  retrieval  of  lessons  learned  (27). 

CONCLUDING  REMARKS 

The  development  of  effective  emergency  response  technologies  to  control 
hazardous  chemical  releases  at  spills  or  waste  sites  is  critical  to  EPA’s 
mission  to  guarantee  tne  protection  of  public  health  and  tine  environment  from 
the  adverse  effects  of  such  chemical  releases.  A  point  has  now  been  reached 
where  several  devices  have  been  designed,  constructed,  ancj  field  tested. 

More  will  soon  be  available  for  actual  use.  As  new  equipment  is  developed, 
the  OHMS  Branch  will  continue  to  (a)  conduct  comprehensive  shakedown  testing 
to  ensure  field  readiness  and  reliable  performance  on  a  rapid  response  basis; 
(b)  conduct  field  trials  to  demonstrate  operational  capability  and  usefulness 
of  the  equipment  in  "real  world"  emergency  situations;  and  (c)  actively 
encourage  commercial ization  of  the  new  technology  by  making  detailed  plans, 

specifications,  and  design  drawings  available  to  the  private  sector. 

I 

i 

Although  the  OHMS  Branch  research  program  is  predominantly  hardware 
oriented,  its  outputs  also  consist  of  technical  reports,  handbooks,  guidance 
documents,  and  user  manuals  on  a  variety  of  emergency  response-related  areas 
including:  protocols  for  ensuring  personnel  safety  at  waste  sites  and  spills; 
practices  for  reducing  the  frequency  and  severity  of  sp ills;  techniques  for 
halting  the  release  and  spread  of  contamination  to  the  surrounding  water,  air, 
soil,  and  sediments;  methods  for  congealing  spilled  hazardous  liquids  and  con¬ 
tents  of  damaged  drums;  procedures  for  characterizing  the  extent  of  hazardous 
material  releases  and  for  locating  subsurface  spills;  techniques  for  control¬ 
ling  spillage  from  impoundments  and  waste  lagoons;  methodoilogy  for  determining 
cleanup  priorities  and  for  evaluating  alternative  removal  techniques;  strate¬ 
gies  for  emergency  contingency  planning;  methods  for  onsite  encapsulation  or 
destruction  of  hazardous  substances  recovered  at  spills  or1  waste  sites;  and 
rapid  emergency  procedures  for  chemical  analyses  aboard  mobile  laboratories. 

The  technology  developed  under  this  program  is  transferred  to  tne  general 
public  via  the  above  documents  as  well  as  the  biennial  National  Conferences 

I 

i 


276 


on  Control  of  Hazardous  Material  Spills.  EPA  takes  a  lead  role  in  organizing 
and  promoting  these  conferences  which  are  co-sponsored  by  other  Federal  agen¬ 
cies  and  private  industrial  organizat ions  such  as  the  U.S.  Coast  Guard  and 
the  Chemical  Manufacturers  Association,  respectively.  The  Proceedings  of 
these  conferences  are  an  excellent  means  of  communicating  the  developments  of 
the  EPA  emergency  response  research  program  to  the  user  community  (28-33). 

DISCLAIMER 

This  paper  has  been  reviewed  by  the  Municipal  Environmental  Research 
Laboratory  -  Cincinnati,  U.S.  Environmental  Protection  Agency,  and  approved 
for  puolication.  Approval  does  not  signify  that  the  contents  necessarily 
reflect  the  views  and  policies  of  the  U.S.  Environmental  Protection  Agency, 
nor  aoes  mention  of  trade  names  or  commercial  products  constitute  endorsement 
or  recommendat ion  for  use. 
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LEGAL  RESTRICTIONS  AND  PRESENT  CONDITION  OF 
DREDGED  MATERIAL  DISPOSAL  IN  JAPAN 

Atsushi  Sugiyama 


INTRODUCTION 

At  the  previous  meeting^  the  U.S.  delegates  presented  several  papers  on 
the  increasing  difficulty  injdredged  material  disposal  and  new  techniques  for 
the  solutions.  The  PIANC  and  other  agencies  proposed  that  the  regulations  of 
the  London  Dumping  Convention  (LDC)  concerning  disposal  control  be  reviewed. 

In  Japan,  however,  no  problem  has  arisen  from  the  implementation  of  dredg¬ 
ing  under  the  restrictions  placed  by  the  L.D.C.  and  relating  domestic  laws. 
Legal  restrictions  and  the  present  condition  of  dredged  material  disposal  in 
Japan  are  outlined  in  the  following  sections. 

LEGAL  RESTRICTIONS 

When  dredged  material  produced  by  port  works  is  dumped  into  reclamation 
sites  or  the  sea,  dumping  is  controlled  by  the  Law  relating  to  the  Prevention 
of  Marine  Pollution  and  Maritime  Disasters  (see  Figure  1). 

i 

Prior  to  dredging,  the  material  to  be  dredged  is  classified  into  the  fol¬ 
lowing  three  categories  based  on  the  results  of  the  legally  obligated  solu¬ 
bility  test  on  toxic  substances  (alkyl  mercury,  mercury,  cadmium,  lead,  organic 
phosphorus,  hexad  chrome,  arsenic,  cyanide,  PCB,  copper,  zinc, and  fluorides): 

1)  Dredged  material  which  releases  either  copper  or  zinc  or  a  fluoride 
exceeding  the  standards  levels. 

2)  Dredged  material  which  releases  any  toxic  substance  other  than  copper, 
zinc,  and  fluorides  exceeding  the  standards  levels. 

3)  Dredged  material  other  than  those  listed  above. 

When  using  the  dredged  material  classfifed  "i"  in  reclamation  work,  it 
must  be  made  sure  that  the  dredged  material  and  seawater  do  not  flow  out  into 
the  sea  and  drainage  standards  provided  separately  must  be  met  for  overflowing 
water.  Ocean  disposal  is  permitted  only  for  specified  areas  (Figure  2)  after 
hardening  those  materials. 

Dredged  material  classified  "2”  must  be  dumped  in  disposal  sites  isolated 
from  the  sea  by  watertight  bulkheads.  Though  it  may  also  be  disposed  of  in  the 
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dredge 


Figure  2.  Specified  waters  for  ocean  disposal  of  material  containing  toxic  substances 


above-mentioned  specified  are-’s  after  hardening,  ocf  in  disposal  of  those  that 
contain  alkyl  mercury,  mercury,  cadmium,  or  PCB  is  prohibited. 

The  dredged  material  of  category  "3"  may  be  used  for  reclamation  work, 
provided  it  does  not  flow  out  into  the  sea;  it  may  be  disposed  of  at  any  sea 
area. 


The  above  restrictions  apply  to  the  method  of  dredged  material  disposal. 
With  bottom  sediment  that  contains  more  mercury  or  PCB  than  the  specified  con¬ 
centration,  we  take  appropriate  measures  to  improve  the  water  environment,  if 
necessary.  This  type  of  bottom  sediment  must  be  disposed  of  in  the  disposal 
areas  of  same  type  as  those  for  dredged  material  classified  "2". 

In  Japan,  the  Public  Water-Area  Reclamation  Law  prohibits  reclamation  not 
intended  for  specific  land  use.  Sediment  that  contains  toxic  substances  is 
used  for  reclamation  after  taking  adequate  environmental  measures. 

PRESENT  CONDITION  OF  DREDGED  MATERIAL  DISPOSAL 

In  1981,  the  dredged  material  produced  by  the  government- related  port 

3 

works  totalled  27  million  m  in  Japan.  Almost  all  of  it  resulted  from^the 
dredging  of  navigation  channels  and  mooring  basins,  of  which  900,000  m  re¬ 
sulted  from  port  pollution  prevention  works  such  as  the  removal  of  the  bottom 
sediment  polluted  by  industrial  wastewater,  etc.  Of  this,  about  15%  or 

3 

130,000  m  contained  mercury  or  PCB  exceeding  the  standard  levels  described 
earlier  and  thus  required  removal. 

The  remaining  35%  of  the  dredged  material  from  port  pollution  prevention 
works,  and  that. from  navigation  channels  and  mooring  basins  hardly  contained 
toxic  substances.  Therefore,  the  ocean  disposal  method  could  be  adopted  in 
accordance  with  the  regulations.  Tn  reality,  however,  most  of  it  was  used  for 
reclamation.  The  dredged  material  from  rivc.-s  and  fishing  ports  was  also 
mostly  used  for  reclamation.  The  reasons  for  this  were:  1)  agreement  with 
fishermen  was  extremely  difficult  with  regard  to  offshore  disposal,  2)  it 
was  more  economical  to  use  it  for  reclamation  than  to  transport  it  offshore. 

In  addition,  there  is  a  strong  demand  for  reclaimed  land  in  densely  populated 
metropolitan  areas  due  to  the  shortage  of  land. 
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ECO-KINETIC  MODEI.  FOR  THE  ACCUMULATION 
OF  PC8  IN  MARINE  FISHES 

Joseph  M.  O’Connor 
John  C.  Pizza 


INTRODUCTION 

Contaminant  loads  to  the  marine  ecosystem  adjacent  to  New  York  and 
New  Jersey  have  been  well  documented  (Mueller  et  al.,  1976;  Mancini  et 
al.,  1982).  Among  the  more  important  are  the  polychlorinated  biphenyls 
tPCBs),  due  primarily  to  their  abundance  in  the  Hudson-Rar i tan  system 
(O'Connor  et  al.,  1982;  Bopp  et  al. ,  1981),  their  toxicity  (National 
Academy  of  Sciences,  1979),  and  their  potential  to  cause  chronic  effects 
in  animal  and  human  populations  (Kuratsune  et  al.,  1976:  Mehrle  et  al., 
1982). 


Most  of  the  PCB  contamination  in  the  New  York  Bight  derives  from 
ocean  dumping  of  sewage  sludge  and  waste  dredged  material  (Table  1). 

When  relative  1’CB  contribution  from  direct  discharges  is  considered  and 
integrated  according  to  typical  flow  patterns  in  the  Bight,  expected 
water  concent  rat  ions  should  be  greatest  in  the  vicinity  of  the  N.Y. 

Bight  ocean  disposal  sites  (Figure  1).  Actual  data  from  a  varietv  of 
studies  show  this  to  be  the  case  (Figure  2).  Based  upon  calculations 
from  luvolaro  (1982)  and  O'Connor  (unpublished),  we  have  concluded  that 
the  elevated  PCB  levels  to  be  expected  near  the  Bight  dumpsites  derive 
in  roughlv  equal  portions  from  dredged  material  and  sewage  sludge.  The 
increased  PCB  levels  in  the  water  column  increase  the  potential  for  PCB 
uptake  in  all  trophic  levels  of  the  Bight  ecosystem  (Wyman  and 
O'Connors,  1‘JMO;  Califano  et  al.,  1982;  Brown  et  al,,  1982). 

ihe  majority  of  PCB  placed  in  the  Bight  system  with  dredged  mate¬ 
rial  remains  associated  with  deposited  particulates.  Coring  studies 
the  dredged  material  dumps! to  fn  the  New  York  Bight  (NYUMC,  l‘>82)  show 
that  PCB  levels  vary  with  depth  of  core.  The  PCB  levels  at  depth  in  ■ 
m.inv  cores  were  equivalent  to  levels  from  various  dredging  projects. 
Diloro  et  al.  (in  press)  have  shown  that  PCB  mobilization  from  deposited 
sediments  is  slow,  on  the  order  of  m'llimeters  per  war.  lhus,  t be  con¬ 
tribution  of  dredged  material  to  PCB  It -els  in  the  New  York  Hi, da  water 
column  is  associated  primarily  with  losses  which  occur  during  t ho  dump¬ 
ing.  process .  I  avoloro  ( 1  '»H2  >  has  estimated  a  drv  mass  loss  oi  dur¬ 

ing.  dumping;  PCB  losses  during  dumping  mav  be  on  the  or  ler  of  Id' 
h) ’ Connor ,  unrub  J i shed  ) . 
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Table  1.  Direct  PCB  Inputs  to  N'.Y.  Bight  Apex,  in  Kilograms  per  Year 


Source 

Max. 

%  Total 

Min. 

%  Total 

Atmospheric3 

490 

7 

34 

1 

Municipal  Wastewater*3 

42 

0.6 

42 

1 

c 

Dredged  Material 

3500 

51 

1800 

61 

Sewage  Sludge^ 

1300 

19 

750 

26 

6 

Hudson  Plume  (part.) 

1037 

15 

62 

2 

Hudson  Plume  (dissolved) 

480 

7 

240 

8 

Totals 

6849 

99.6 

2928 

99 

3  Assumes  1,14  m/year  precipitation  at  15  (min)  and  215  (max)  ng/’.  PCB. 

b  99.1  MCD  direct  wastewater  flow;  all  secondary  at  0.3  ug/ 1  PCB. 

From  Bopp  et  al.  (1981;  min)  and  O'Connor  et  al.  (1982;  max). 

^  Based  upon  estimates  from  West  and  Hatcher  (1980),  Bopp  et  al.  (1981), 
ari  O'Connor  et  al.  (1982). 

e  Plume  flow  assumed  to  be  6.6  x  10^'  >/ day,  carrying  3  (min)  and  50 
(max)  mg/>  solids  at  0.86  ug/?.  PCBs  for  particulate  load,  and  10  ng/E. 
(min)  and  20  ng/t  (max)  for  dissolved  load. 


Figure  1.  General izat ion  of  a  response  surface  generated  by 
simultaneous  mixinc  of  PCB  inputs  to  the  Bight  with  relative 
concentrat ions  of  the  contaminant  shown  by  height  above  the 

planar  surface 


ri cure  .  Actual  data  tor  i’G-i  concentrat  ions  in  surtace 
water-;  cue  New  "ork  'licht  plotted  as  a  response 

siir-  ice.  he  vertical  sc  lie  is  in  ncV  .  I  lie  data  are 

'  !'.>:■■  >*.  i . ;  I  e.n)  ,'t  ii.  i  l'^I  )  ,  !’«•<;.  u>.-,nat  et  al. 

l.eo  et  al  .  I  !  i;s  )  .  and  !  KG  (  I  *«H  I  I 


PCB  body  burdens  in  fishes,  several  investigations  have  evaluated  the 
rates  and  routes  of  PCB  transport  in  marine  ecosystems.  Once  transport 
mechanisms  are  understood,  predictive  models  may  be  formulated  regarding 
the  extent  to  which  PCBs  in  sediment  may  cause  increased  body  burdens. 

If  a  positive  relationship  leading  to  unacceptable  burdens  (e.g.,  1  pg/g, 
5  ug/g)  nan  be  related  to  mud  dumping,  managers  and  regulators  can  take 
steps  to  reduce  or  eliminate  the  problem. 

Since  the  early  1970' s  it  has  been  thought  that  fishes  accumulated 
PCB  directly ■ from  water  (Hamelink  et  al.,  1971;  Needly  et  al. ,  1974). 
Experimentally  derived  bioconcentration  factors  (DCF)  predictive  of 
steady-state  burdens  in  fishes  have  been  published  widely  (Table  2); 
uptake  mechanisms  based  upon  octanol-water  partition  coefficients  and 
lipid  solubility  of  PCB  have  been  proposed  (Needly  et  al. ,  1974;  Mackay, 
1982). 

Several  factors  mitigate  against  the  equilibrium  partition  theory 
as  the  complete  explanation  for  PCB  burdens  in  marine  fishes.  First, 
the  concept  was  developed  using  pure,  dissolved  compounds  in  relatively 
particle-free  water.  Under  natural  circumstances,  seawater  contains 
many  particles  to  which  PCBs  are  likely  to  sorb  (Hiraizumi  et  al. , 

1979).  For  striped  bass  (Morone  saxaiilzs) ,  Califano  et  al.  (1982) 
showed  that  the  presence  of  particles  in  bioassay  water  decreased  the 
quantity  of  PCB  available  for  uptake,  and  that  body  burden  was  directly 
related  to  "available"  PCB  rather  than  total  PCB. 

Second,  published  BCF  data  generally  derive  from  experiments  of 
long  duration,  5  days.  Thus,  organisms  must  be  fed  during  the  test, 
and  the  proportion  of  the  PCB  accumulated  through  contaminated  food  was 
not  accounted  for  in  these  designs.  Many  studies  have  shown  that  food 
material,  both  living  and  dead,  accumulates  PCB  rapidly  (Wvman  and 
O'Connors,  1980;  Peters  and  O'Connor,  1982),  providing  a  secondary  route 
of  PCB  uptake  In  the  test  chamber.  Peters  and  O'Connor  (1982),  for 
example,  showed  that  /'.xt xirua  and  3 ,  common  striped  bass  food 

organisms,  accumulated  up  to  2  ug/y  PCB  from  water  in  less  than  10  hrs 
of  exposure  to  a  concentration  of  1  pg//.  Inanimate  food  may  accumulate 
PCB  just  as  rapidly.  Under  such  circumstances,  BCF  values  calculated 
from  long-term  exposures  almost  certainly  include  a  dietary  component 
not  accounted  for  in  application  of  the  data  to  equilibrium  partitioning 
theory . 

third ,  and  perhaps  most  importantly,  equilibrium  partition  calcula¬ 
tions  for  PCB  bioconcentration  generally  yield  estimates  which  are  low, 
relative  to  field  obse. /at  ions  (table  3).  (liven  the  potential  impor¬ 
tance  of  PCB  in  natural  systems,  we  feel  it  is  unwise  to  rely  heavilv 
upon  such  "order-of -magn i t ude"  estimates.  > liven  the  knowledge  that  all 
parts  of  the  marine  food  web  contain  PCB  (Mac Lead  et  al.  ,  1981;  O'Connor 
et  al.,  1982),  and  that  cross-gut  assimilation  of  PCB  in  fishes  approxi¬ 
mates  907  (Pizza,  1982),  we  stress  that  PCB  in  fishes  derive  in  some 
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Table  3.  Calculation  of  Expected  PCB  Body  Burdens  in  Fishes  from 
Equilibrium  Partitioning  Based  upon  New  York  Bight  Data 


Min 

Max 

Water  column  PCB  concentration  (ng/2.) 

10 

40 

Particulate/dissolved  ratio*3 

0.67 

0. 

67 

Dissolved  (available)  PCB  (ng /l) 

6.7 

27 

Bioconcentration  factorC 

1  x  104 

1  X 

;  10' 

Expected  concentration  (ug/g  fish)^ 

0.07 

0. 

27  . 

0 

Observed  concentrations  (pg/g) 

Striped  bass  0.6-3. 8 

Winter  flounder  0. 1 

Atlantic  mackerel  0.5-0, 7 

Bluefish  0.7-3. 6 

American  eel  0.5-0. 8 

Tautog  0.6 


3  Concentrations  derived  from  Lee  (1977),  Lee  and  James  (1978),  IEC 
(1981),  Pequegnat  et  al.  (1980),  and  MacLeod  et  al.  (1981). 

b  Various  authors  suggest  particulate/dissolved  PCB  ratios  ranging  from 
zero  to  about  1.  Based  upon  suggested  values  from  Brown  et  al.  (1982), 
Nau-Ritter  (1980),  and  Pavlou  and  Dexter  (1979),  we  arrived  at  a  value 
wherein  two  thirds  of  the  total  water  column  PCB  may  be  in  the  dis¬ 
solved  state. 

c  4 

Based  upon  chronic  bioassay  data  wherein  values  range  from  1.7  x  10  to 

6.1  x  10^  (Table  2)  for  various  species.  Assuming  some  fraction  to  be 
associated  with  feeding,  we  suggest  1  x  1014  to  be  a  reasonable  and  con¬ 
servative  BCF  approximation  (see  text). 


Calculated  as  (g/g  PCB  in  water)  x  BCF, 
ng  (g  x  10“9)  :  1030,  the  weight  of  1 
thousand  salinity. 


wherein  the  water  value  equals 
of  seawater- at  30  parts  per 


6  Data  from  O'Connor  et  al.  (1982),  N .  Y.  State  DEC  (1981),  and  sources 
cited  therein. 


290 


significant  part  from  the  food;  recently  published  models  for  contam¬ 
inant  transport  in  fishes  and  plankton  demonstrate  that  dietary  sources 
may  be  the  prime  determinant  of  PCB  body  burdens  (Thomann,  1981;  Brown 
et  al.,  1982)  (Figure  3). 


Figure  3.  Schematic  of  the  food  chain  model  used  by 
Thomann  (1981)  for  evaluating  the  fate  of  microcon¬ 
taminants  in  aquatic  systems 


Studies  of  PCB  uptake  from  diet  have  been  carried  out  in  our 
laboratory  for  a  variety  of  fishes  and  crustaceans  (Califano  et  al., 
1980,  1982;  Califano,  1981;  Pinkney,  1982;  Pizza,  1982;  Pizza  and 
O'Connor,  1982;  Califano  and  O'Connor,  MS  in  review).  The  remainder 
of  this  paper  provides  the  results  of  our  food  chain  transport  studies 
of  PCB  in  striped  bass.  Utilizing  these  data,  we  propose  a  seasonally 
variable  model  to  predict  dietary  accumulation  of  PCB  in  fishes.  The 
concepts  presented  here  are  based  upon  pharmacokinetic  relationships 
(Goldstein  et  al.,  1974).  Pharmacokinetics  have  been  applied  to  ques¬ 
tions  of  pesticide  uptake  in  fishes  by  Krzeminski  et  al .  (1977)  and 
similar  principles  underlie  the  recent  work  of  Thomann  (1981)  in  his 
efforts  to  model  PCB  and  cadmium  accumulation  in  fishes. 

METHODS 

The  techniques  used  in  these  studies  were  developed  by  Califano  et 
al.  (1982)  and  by  Pizza  (1982).  Complete  details  of  the  pharmacokinetic 
approach  to  PCB  studies  are  available  in  Pizza  (1982);  see  also  Pizza 
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and  O'Connor  (1932).  To  summarize,  an  evaluation  of  the  assimilation 
and  excretion  of  a  compound  requires  empirical  data  as  to  the  rate  of 
assimilation  from  the  absorption  site  (Ka),  and  the  rate  of  loss  of  the 
compound  (Ke)  from  some  physiological  pool;  the  pool  we  used  was  the 
entire  body  mass  of  the  subject  organism.  The  mathematics  are  straight¬ 
forward,  and  based  in  both  cases  (K  ;  K  )  upon  the  exponential  expres¬ 
sion  for  a  decay  curve: 


M  =*  M  e  KaC  (for  absorption)  (1) 

o 


where  M0  is  the  quantity  of  PCB  placed  at  the  absorption  site,  M  is  the 
quantity  remaining  at  time  t,  and  K  is  the  absorption  rate  constant. 

Elimination  rate  constants  (K  )  are  derived  from  the  same  expres¬ 
sion  with  different  notations: 


X  *  X  e~KeC  (2) 

o 

where  XQ  is  the  whole  body  PCB  level  at  time  zero,  X  is  the  whole  body 
PCB  burden  at  time  t,  and  Kg  is  the  elimination  rate  constant. 

Values  for  PCB  assimilation  were  determined  by  force-feeding 
striped  bass  known  quantities  of  li!tC-labeled  PCB  (Aroclor  1254)  in 
natural  food,  and  sampling  at  fixed  intervals  to  determine:  1)  the 
quantity  of  PCB  in  the  gut;  2)  the  quantities  of  PCB  in  the  whole  body; 
and  3)  the  quantities  of  PCB  in  fecal  material.  Sampling  of  fishes  con¬ 
tinued  for  a  period  of  120  hrs.  Tissues  were  analyzed  for  total  ll!,C-PCB 
by  liquid  scintillation  counting  (Pizza,  1982). 

Separate  experiments  were  conducted  to  determine  Ka  and  Ke  from 
single  and  multiple  feedings.  Manipulation  of  the,  empirical  data  con¬ 
formed  to  treatments  suggested  by  Goldstein  et  al.  (1974).  The  equa¬ 
tions  are  documented  in  Table  4. 


RESULTS 

'.Then  striped  bass  were  given  single  doses  of  PCB  there  occurred 
initial  and  rapid  elimination  from  the  alimentary  tract  rollowed  by  a 
phase  of  less  rapid  elimination  (Figure  4).  The  whole  body  burden  (Fig¬ 
ure  5)  remained  monophasic.  Note  that,  after  48  hr,  when  alimentary 
tract  burdens  were  <10%  of  the  dose,  the  whole  body  burden  was  high, 
reflecting  nearly  complete  assimilation  of  PCB  from  the  natural  food 
matrix.  For  a  single  PCB  dose,  the  body  ourdcn  will  follow  a  time 

course  reflective  of  the  ratio  K  /K  ,  as  shown  in  Figure  6. 

e  a 
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Table  4.  Pharmacokinetic  E: 


A.  Absorption  rate  (K  ) 

cl 

B.  Elimination  rate  (K  ) 

e 

C.  Absorption  half-time  t, 


D.  Fractional  absorption-single 
dose 


E.  Time  to  maximum  absorption  - 

single  dose  (K  #  K  ) 
a  e 

F.  Maximum  fraction  absorbed  - 

single  dose 

G.  Body  burden  at  end  of  dosing 

interval  -  multiple  doses 


H.  Body  burden  after  dosing  - 

multiple  doses 

I.  Plateau  (steady-state) 

burden  -  multiple  dose 


J.  Fraction  of  plateau  at 
"n"  doses 


ressions  Applied  to  PCB  Dietary  Uptake 
Studies 


-K  t 

M  =  M  e  3 
o 

-K  t 

X  =  X  e  6 
o 


-In  0.5 


-K  tK  -K  t 

X/Mq  =  l/[(Ke/Ka)-l](e  6  a-e  6  ) 


293 


Figure  4.  Percent  unabsorbed  dose  as  a  function  of  time.  PCB 
removal  from  the  alimentary  tract  as  determined  by  two  pro¬ 
cesses:  1)  absorption  of  administered  dose  (slope  A  -0.0494); 
and  2)  elimination  from  tract  tissue  (slope  =  -cl.0021) 


Time  (hr ) 


Figure  5.  Percent  dose  in  body  as  a  function  of  time.  PCB 
elimination  from  whole  body  implying  single  compartment 

kinetics 
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Figure  6.  The  fractional  absorption  of  a  single  dose  by  first-order 
absorption  and  elimination.  The  solid  curve  was  determined  as  in 
Table  4  and  the  data  of  the  current  study  where  Kg/Ka  =  0.05.  A 
maximum  of  85.7  percent  was  absorbed  by  28  hr.  The  other  curves 
are  presented  for  comparison  (Goldstein  et  al. ,  1974)  at  the  same 
Ke .  The  case  where  Kg/Ka  =  0  (Ka  =  •»)  is  attained  by  constant  input 
rate.  For  Ke/Ka  =  0.50,  where  for  a  Ka  smaller  than  that  of  the 
solid  curve,  a  lower  maximum  would  be  attained  at  a  later  time 

Fishes  in  contaminated  environments,  however,  do  not  accumulate  PCB 
as  single,  isolated  dietary  doses.  Rather,  they  contain  PCBs  derived 
from  water  uptake  and  they  receive  multiple,  sequential  doses  of  PCB  in 
food.  Our  multiple  dose  study  showed  the  gradual  approach  to  plateau 
(Figure  7)  expected  for  young  str'ped  bass  exposed  to  sequential  doses 
of  PCB  in  food  at  48-hr  intervals.  The  interval  was  chosen  in  order  to 
observe  the  approach  to  steady-state.  This  is  unrealistic,  in  that  the 
feeding  interval  in  nature  is  more  likely  to  be  twice  each  day.  Mathe¬ 
matically,  this  is  unimportant;  what  is  essential  is  that  the  kinetics 
of  the  system  (see  Table  4)  show  plateau  reached  at  dose  n  =  17.  For  a 
fish  feeding  twice  each  day,  plateau  would  be  reached  in  8.5  days. 

APPLICATION'  TO  MODELING 

Thomann  (1981;  see  Figure  3)  documented  clearly  the  level  of  com¬ 
plexity  required  in  meaningful  models  of  contaminant  accumulation  in 
fishes.  In  his  model  he  noted:  1)  the  lack  of  data  relevant  to  the 
function  referred  to  as  the  "food-chain  multiplier";  and  2)  the  need  to 
account  for  age-specific  changes  in  respiration,  feeding,  and  growth  as 
determinants  of  predicted  PCB  body  burdens  in  striped  bass.  In  the 
preliminary  model  presented  here,  we  provide  the  food-chain  multiplier, 
as  influenced  by  growth  of  the  fish,  changes  in  metabolism,  changes  in 
food  ration,  and  changes  in  dietary  PCB  levels. 
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Figure  7.  Curve  for  the  cumulative  retention  of  PCB  from 
multiple  dosing.  Solid  lines  present  actual  levels 
attained  during  experiment.  Dashed  lines  are  the  calcu¬ 
lated  extension  of  the  data.  The  plateau  burden  (X*)  is 
the  steady-state  level  attained  from  peak  values  after' 
sufficient  dosing  (see  text) 

Pizza's  analysis  (1982)  of  striped  bass  PCB  accumulation  from  diet 
revealed  that  changes  in  plateau  PCB  burden  depended  upon  two  factors. 
The  first  is  the  Kg.  The  second  is  the  dosing  interval  at  which  new  PCB 
is  taken  in  via  the  food.  The  relationship  between  physiological  growth 
in  the  striped  bass  and  required  ration  size,  as  well  as  weignt-specif ic 
metabolism,  is  depicted  in  Figure  8,  along  with  the  expected  effects 
that  changes  in  these  factors  may  have  on  food  assimilation  efficiency 
and  the  elimination  constant  (Ke)  for  PCBs  (Califano  et  al. ,  1982;  Pizza 
and  O'Connor,  1982).  The  physiological  data  suggest  that,  for  a  growing 
fish,  there  should  be  no  steady-state  PCB  level;  since  metabolism  (and, 
hence.  Kg)  declines  with  age,  and  since  assimilation  efficiency  declines 
with  increasing  age  and  ration  required  for  growth  increases,  the  PCB 
body  burden  should  increase  continuously.  Further,  since  the  volume  of 
water  required  for  oxygen  exchange  must  increase  with  size,  more  direct 
water  uptake  of  PCB  is  possible.  The  importance  of  the  latter  in  con¬ 
tributing  to  body  burden  may  be  questioned,  however,  since  respiratory 
requirements  may  be  extremely  variable  depending  upon  ambient  levels  of 
dissolved  oxygen,  temperature,  time  of  day,  time  in  the  feeding  cycle, 
etc.  (Neumann  et  al.,  1982). 

The  pharmacokinetic  model  incorporated  these  relationships  under 
conditions  representative  of  striped  bass  biology  in  the  Hudson  estuary. 
These  were: 

1.  Active  feeding  during  the  first  growing  season  on  zooplankton 
containing  5  yg/g  (dry  weight)  PCB  (O'Connor  et  al.  ,  1982). 

2.  A  growch  rate  of  0.02  d  \ 
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Figure  8.  Schematic  representation  of  tl  -•  respo  ,-te  of  various 

phvsiologie.il  parameters  to  increased  si:  j  e  .e  organism. 

In  the  left  figure,  required  ration  to  g  o«  J  respiration 

(eg  (>2  per  hour  per  Individual)  increase  .  increased  size; 

assimilat fon  efficiency  of  food  decreases.  In  the  right 

figure,  metabolism-  and  el iminat ion-constant  K  decrease  with 

<* 

increasing  size 


3.  Decreasing  K  at  a  rate  proportional  to  weight;  W°'7/W  (Brett, 

1979).  e 

4.  Increased  ration  size  to  maintain  a  dally  intake  of  102  body 
weight . 


3.  A  feeding  interval  of  13  hr,  with  one-half  the  daily  ration 
(and  PCB  dose)  consumed  during  each  feeding  period. 

(7.  Additional  feeding  during  the  second  growing  season  on  zoo¬ 
plankton  containing  0.5  gg/g  (dry  weight). 


7.  An  optional  "overwintering"  period  during  which  K,,  de.crv-.ised 
as  a  function  of  temperature  (Neumann  et  al. ,  1981),  and  feed¬ 
ing  was  reduced  to  48-hr  intervals  (once  each  two  davs; 
hawler,  Matusky  and  Skelly  hngineers,  1480). 


The  model  w-.s  run  in  two  modes.  Tn  Figure  9  we  present  the  outcome 
of  the  model  incorporating  factors  I  through  7  above.  Tn  mode  1  (solid 
line)  an  artificial  !)0-ua'-  feeding/growth  period  was  imposed,  during 
which  the  bass  were  continuously  exposed  to  food  containing  3.0  ug/g 
FOB.  .lode  1  (dashed  1  i  tie )  reflects  the  "natural  situation,"  fish  fed 
for  one  growing  period  on  food  containing  >,()  pg/g  I’tlB;  during  the 


second  growing  period  (days  150  through  330)  the  food  costained  0.5  ug/g 
PCB.  These  values  reflect  the  natural  habitat  during  year  II. 

The  pharmacokinetic  model  allowed  that  the  dietary  uptake  of  PCB 
could  account  for  about  3.8  ug/g  (dry  weight)  in  che  course  of  the  first 
150-day  growing  period.  This  translates  to  M  ug/g  PCB  (wet  weight) 
expected  in  fishes  occupying  the  brackish  water  portion  of  the  estuary. 
Expected  concentrations  due  to  equilibrium  partitioning  for  this  portion 
of  the  river  (see  Table  3)  would  be  M). 3  pg/g.  Califano  et  al.  (1982) 
showed  young-of-year  bass  from  the  same  river  region  to  contain  1.6  ug/g 
total  PCB  (wet  weight).  The  dietary  component,  therefore,  could 
represent  about  63%  of  the  observed  PCB  burden  in  young  striped  bass 
from  portions  of  the  Hudson  where  dietary  PCB  burdens  are  high. 

Given  a  change  in  dietary  PCB  burden  from  5.0  to  0.5  ug/g  PCB, 
which  could  be  accounted  for  by  migration  or  change  in  food  preference 
during  a  second  growing  season,  we  predict  a  decreased  body  burden  (Fig¬ 
ure  9).  Following  a  loss  from  3.8  to  about  0.5  ug/g  (BAF  *  1)  growth, 
increased  ration  and  declining  cause  re-initiation  of  PCB  build-up  to 
u0.8  ug/g  (dry  weight)  after  a  total  of  330  days  (or  180  days  on  the 
reduced  PCB  diet).  This  value  <^0.2  ug/g  wet  weight)  represents  from 
32  to  87%  of  the  whole  body  PCB  determined  in  year  IT  striped  bass  from 
river  regions  where  food  organisms  contain  ^0.5  ug/g  (Lawler,  Matusky, 
and  Skelly  Engineers,  1980;  0.23  to  0.63  ug/g  PCB  in  striped  bass,  n  * 
4).  With  an  expected  equilibrium  partitioning  value  of  0.07  to  0.2  ug/g 
(Table  3),  we  conclude  that  PCB  uptake  from  a  diet  containing  low  levels 
of  PCB  remains  important  to  the  organismn.  In  no  case  can  equilibrium 
partitioning  be  shown  to  account  for  the  total  PCB  in  striped  bass. 

The  effect  of  reducing  dietary  PCB  intake  is  dramatic  in  the  model 
output.  Note  in  Figure  9  that  within  30  days  the  expected  body  burden 
dropped  to  about  0.5  ug/g  and,  with  continued  feeding  at  low  PCB  levels, 
the  expected  PCB  burden  at  day  302  Is  about  0.8  ug/g.  Beyond  the  final 
values  of  the  prediction,  Figure  9  demonstrates  several  important  nol  ts 
relative  to  ecology,  growth,  and  PCB  accumulation  from  dietary  sources. 

First  is  the  concept  of  steady-state.  Our  results  show  that, 

.regardless  of  PCB  source,  a  steady-state  body  burden  is  unlikely  to 

occur  in  any  environment  other  than  a  controlled  chronic  bioassay  study 

with  no  growth.  In  the  real  world,  any  change  in  PCB  intake  due  to 

change  in  water  concentration  or  PCB  dose  In  the  diet  will,  due  to  the 

continual  change  in  K  ,  result  in  a  shift  toward  a  new  plateau  level. 

e 

Second  is  the  concept  of  growth-related  bf oaccumuiatioit  fattors. 

Til  Figure  4,  the  findings  of  mode  1  and  mode  2  model  runs  result  in 
rattier  different  rates  of  PCB  bloaccumilat  ion ;  however,  when  viewed 
from  tiie  perspective  of  dietary  burden,  one  can  see  that  for  anv  given 
point  in  t  i  me ,  the  ratio  F  /K  is  the  same  for  mode  1  and  mode  2.  The 
differences  in  actual  rate  of  accumulation  (  g/dav  PC15)  exist  because, 
while  rate  of  elimination  (K^.l  Is  a  first-order  function,  the  growth- 
related  decline  in  K((  will  result  »n  acceleration  of  the  accumulation 
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Figure  9.  Prod  i  ojted  PCB  accumulation,  as  ug/g  (drv  weight) 
PCB  In  t  ho  whole  bodv  of  striped  bass  exposed  for  3  30  days 
to  a  diet  containing  3.0  ug/g  PCB  (Mode  1;  solid  line),  and 
for  130  days  to  3.0  ug/g  PCB  followed  by  180  davs  exposure 
to  a  diet  containing  0.3  ug/g  PCB  (Mode  2;  dotted  line) 


rate  as  soon  as  a  plateau  is  reached.  At  the  higher  feeding  rate,  the 
curve  has  a  sharp  upward!  trend.  At  the  lower  rate  of  PCB  dosing,  the 
acceleration  of  the  rate!  is  less  obvious  since  bodv  burdens  were  reduced 
markedly  bv  the  reduced  rate  of  dosing,  and  have  remained  low  during  the 
extended  period  of  low-lbve!  feeding. 

i 

Third,  and  perhaps  most  Important,  is  elucidation  of  the  concept  of 
an  immediate  shift  toward  a  new  plateau  level  when  PCB  source  terms 
chance.  Thus,  for  striped  bass  in  a  natural  system,  where  water  concen¬ 
trations  of  PCB  are  relatively  uniform,  one  might  expect  the  foilocing 
t  o  be  t  rue  : 


Striped  bass  t  rbm  ocean  environments,  where  PCB  levels  in  food 
iro  low,  shou 1 d i i on t a i n  lover  bodv  burdens  than  fish  from 
inside  the  estuiirv. 

Pi  B  burdens  in  striped  bass  should  ho  lower  during  winter 
f.i"  !.••  din,-)  .  .opt  h  ,  compared  to  tin-  same  site  during  growth 
pc  r  1  ■  sis  . 

Aiiy  mi  -ratof.  fi'l.av  i  >r  wh  i  <  h  results  (n  .*  chamte  in  dietary 
burden  will  rapidly  be  re  I  ice  ted  in  a  sh  i  1  t  toward  a  new 
bodv  burden  p !  1 1 eau . 


4.  Low  levels  of  PCB  in  the  diet  (e.g.,  0.5  »g/g)  will  not,  in 
the  course  of  one  growing  season,  cause  body  burdens  to  exceed 
present  or  proposed  FDA  guidelines  for  burdens  in  fishes. 

5.  Widespread  increases  in  water-column  PCB  levels  could  become 
important  in  marine  toxicological  questions  if  this  were  to 
increase  burdens  throughout  the  food  chain  and  raise  water- 
derived  levels  by  a  measurable  degree. 

6.  The  tendency  to  undergo  rapid  shifts  toward  new  PCB  plateaus 
renders  localized  PCB  "hotspots”  of  minor  import  in  otherwise 
"clean"  marine  systems  when  the  organism  in  question  is 
mobile,  pelagic,  and  highly  migratory. 

The  likelihood  of  verifying  these  expectations  with  existing  field 
data  is  low;  much  depends  on  accurate  determination  of  water  and  food 
chain  PCB  values,  careful  sampling  of  year  classes  for  PCB  analysis,  and 
sampling  efforts  aimed  at  the  proper  location -sea son-specimen  regime. 

We  have,  at  this  time,  undertaken  to  formulate  these  expectations  as 
hypotheses,  and  are  testing  them  in  the  New  York  metropolitan  region. 

As  a  final  note,  we  hasten  to  point  out  that  our  empirical  and 
modeling  data  have  direct  application  to  ongoing  ocean  dumping  studies 
as  follows: 

First,  our  hypothesis  that  PCB  burden  in  fishes  is  strongly  related 
to  diet  renders  the  "mass  loading"  approach  to  ocean  PCB  pollution  inef¬ 
fective  in  estimating  contaminant  levels  in  fish.  Both  dredged  material 
and  sewage  sludge  must  be  evaluated  more  carefully  to  assess  real  quantities 
of  PC Bs  Injected  into  the  food  chain  and  the  water  column. 

Second,  the  pharmacokinetics  of  PCBs  In  fishes  suggest  that  any 
Isolation  of  contaminated  materials  from  entry  to  the  food  chain  will 
have  die  effect  of  lowering  PCB  body  burdens  in  the  large,  predatory 
species  which  often  form  an  important  part  of  the  human  diet.  Thus, 
maintaining  a  surflcial  laver  of  sediments  with  low  or  nonavai lable 
PCBs  will,  in  all  likelihood,  result  in  a  trend  toward  lower  body  bur¬ 
dens  in  all  trophic  levels. 

Third,  the  overall  outcome  of  the  model  suggests  that  we  shall  not 
see  increased  PCB  levels  in  fishes  if  input  rates  and  input  sources 
remain  similar  to  chose  of  recent  vears.  While  we  do  not  advoc  ite  use 
of  the  ocean  as  unrestricted  dumps,  we  do  suggest  that,  with  time,  the 
input  of  blouvai  lable  PCB  to  New  York  marine  waters  has  achieved  a  bal¬ 
ance  ;  it  appears  that  anv  impacts  which  have  occurred  are  not  irreversi- 
ble,  although  their  description  is  unclear.  V-irther  dumping  regulations 
should  include  attention  to  rendering  such  contaminants  as  PCB,  first, 
unavailable  to  I  ood  chains,  and,  linallv,  unavailable  in  the  water 
col ■  nun  . 
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ASPECTS  OF  THE  DAMOS 
MONITORING  PROGRAM  IN 
THE  NEW  ENGLAND  REGION 
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U.S.  Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02254 


ABSTRACT 

A  synopsis  is  given  of  an  ocean  monitoring 
program  designed  to  assess  the  impact  of  disposal  of 
dredged  material.  The  program  extends  to  sites  which 
have  differing  physical  characteristics,  thus  requir¬ 
ing  some  individualistic  treatment.  Important  criteria 
in  terms  of  equipment  capabilities  are  cited,  and 
measures  utilized  to  monitor  physical,  biological,  and 
chemical  parameters  are  described.  The  use  of  sentinel 
organisms,  especially  Mytilus  edulis,  is  an  important 
component  in  the  program  design.  The  program,  in  its 
present  state,  has  been  employed  for  five  years  in  the 
New  England  region. 


While  the  necessity  for  assessing  the  state  of  our  ocean  waters  is 
readily  endorsed  by  both  the  scientific  community  and  body  politic,  the 
means  by  which  this  may  be  achieved  continues  to  be  a  most  difficult  chal¬ 
lenge.  This  paper,  by  tracing  the  experiences  gained  over  a  fifteen-year 
period  by  our  organization  in  managing  contaminated  dredged  sediment,  may 
provide  some  insight  to  the  many  problems  which  are  encountered  in  monitor¬ 
ing  programs. 

Monitoring  programs  are  usually  conceived  for  the  purpose  of  (1)  provid¬ 
ing  warning  against  imminent  harmful  impacts  from  recognized  sources,  and 
(2)  evaluating  and  forecasting  long-term  impacts.  While  a  single  monitoring 
program  may  well  satisfy  both  of  these  objectives,  the  strategies  adopted  for 
each  may  vary  considerably,  and  may  greatly  affect  the  resource  requirements. 
However,  because  monitoring  strategies  for  ocean  programs  also  need  to  be  in¬ 
dividualized,  both  in  a  geographic  sense  and  to  discriminate  between  specific 
influences,  there  is  no  simple  method  to  arrive  at  an  acceptable  design. 

There  are  many  lessons  to  be  learned  during  the  initial  period,  for  which 
there  appears  to  be  no  substitute. 
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Our  progress  in  monitoring  programs  thus  far  has  been  guided  by  necessity 
for  purposes  of  compliance,  and  as  a  tool  for  management  of  dredged  material. 
Notable  successes  have  been  in  the  areas  of  developing  reliable  methods,  hard¬ 
ware,  and  technology  in  the  initial  phases,  which  allows  greater  freedom  and 
flexibility  in  addressing  demands  placed  on  the  program.  These  successes  include 
methods  for  precise  measuring  of  bathymetric  change,  marking  devices  for 
guidance  and  control,  tracking  and  locator  devices  for  control  and  instrumen¬ 
tation,  and  a  well-integrated  system  of  support  services.  With  these  in 
place,  we  were  able  to  develop  advances  in  disposal  techniques  involving 
capping  (Morton,  1980),  as  well  as  to  expand  the  program  to  encompass  the  en¬ 
tire  geographic  area  of  our  responsibility. 

While  much  of  our  initial  activity  has  centered  around  the  region  of  Long 
Island  Sound,  which  to  some  extent  represents  estuarine  conditions,  the  tech¬ 
niques  we  found  in  most  cases  were  readily  adaptable  to  deeper  ocean  sites. 

Too  much  cannot  be  said  for  having  a  hospitable  environment  in  which  to  devel¬ 
op  one's  hardware.  Moreover,  the  depths  of  water  in  the  sound,  20  to  30  meters, 
has  allowed  for  more  critical  observations  by  divers  of  both  physical  and 
biological  phenomena  than  could  otherwise  be  obtained. 

The  present  monitoring  program,  now  known  as  DAJMOS ,  in  the  New  England 
region  has  evolved  over  a  period  of  15  years  of  observing  dredged  material 
disposal.  The  program  focuses  upon  12  disposal  areas  whose  distribution 
coincides  with  the  location  of  major  dredging  activity.  This  activity,  in 
turn,  is  regulated  by  the  shipping  needs  of  major  ports  whose  commerce  is 
predominantly  petroleum  imports.  The  sediments  associated  with  this  dredg¬ 
ing  are  frequently  contaminated  by  petroleum  residues,  various  metallic  com¬ 
pounds  generated  by  the  industrialized  cities,  and  a  variety  of  other  compounds 
which  include  pesticides  and  chlorinated  hydrocarbons.  Because  the  region  is 
rich  in  fisheries  resources,  it  is  essential  not  only  to  avoid  conflicts  in 
disposal  area  siting,  but  to  provide  reassurance  to  the  public  that  food 
sources  are  not  being  contaminated. 

Each  disposal  site  has  been  designated  after  extensive  consultation  with 
fisheries  interests,  and  only  after  a  screening  of  physical  characteristics 
and  an  inventory  of  biological  activity  of  the  location.  One  attribute  of 
historically  used  disposal  areas  is  that  many  have  become  prolific  lobster 
grounds,  and  in  three  instances,  it  has  not  been  possible  to  regain  their  use 
because  of  fisherman  pressure.  Limited  studies  of  lobster  populations  of  his¬ 
toric  dumping  grounds  has  revealed  no  adverse  characteristics  attributable  to 
this  habitat.  Being  compelled  to  abandon  dedicated  disposal  sites,  of  course, 
adds  additional  pressures  to  the  regulator's  task,  since  lobstering  and  dump¬ 
ing  grounds  are  also  incompatible  with  other  forms  of  bottom  fishing.  As  a 
general  and  very  unprofound  statement,  I  will  offer  that  science  cannot  begin 
until  the  smoke  of  political  battles  has  settled. 

The  protocols  now  being  followed  in  each  area  are  generally  similar  with 
respect  to  method,  but  are  also  tailored  specifically  to  the  depth  of  water 
and  exposure  conditions,  as  well  as  to  the  extent  of  usage  by  the  dredgers. 

These  may  be  categorized  into  a  typical, physical ,  biological,  and  chemical 
array . 
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Physical  monitoring  is  that  which  looks  for  gross  or  catastrophic  effects 
due  to  movement  of  materials  during  and  after  disposal  operations,  particular¬ 
ly  following  major  storm  events.  The  hardware  currently  in  use  was  developed 
over  a  period  of  years  to  perform  the  desired  function,  which  is,  basically, 
to  establish  a  grid  over  a  given  area  and  to  replicate  accurately  measurements 
for  comparison  over  time.  Our  system  utilizes  an  Apple  II  microcomputer  inter¬ 
faced  with  a  Model  540  Del  Norte  Trisponder  and  an  EDO  Western  multi  frequency 
fathometer  system.  Data  are  recorded  on  "floppy  disk"  media  for  rapid  acqui¬ 
sition  and  comparison  of  data  and  to  allow  visual  displays  for  control  of  the 
vessel.  Other  types  of  positioning  systems  such  as  LORAN-C  can  be  interfaced 
to  the  equipment  for  more  flexibility  in  the  survey,  sampling,  or  disposal 
management  activities.  Bathymetric  surveys  are  run  on  25-meter  lane  inter¬ 
vals,  giving  more  than  ample  resolution  and  discrimination  of  volumetric 
changes  in  disposal  mounds. 

Utilizing  this  equipment  and  methodology  our  program  now  has  records  of 
disposal  activity  in  each  of  the  major  dumping  grounds,  beginning  with  the 
pre-disposal  condition,  during  dumping,  and  at  intervals  following.  .  This 
allows  an  assessment  of  any  gross  physical  change  together  with  correlation 
to  any  other  observed  phenomena  on  the  site.  The  technique  has  worked  equally 
well  in  Long  Island  Sound  at  a  depth  of  20  meters,  and  in  the  Gulf  of  Maine 
at  depths  of  60  meters.  The  ability  to  maintain  consistent  records  is  essen¬ 
tial  to  any  evaluation  of  long-term  effects.  Morton  (1980)  has  reported  ex¬ 
tensively  on  the  effect  of  hurricane  force  wind-induced-stresses  on  a  disposal 
mound . 

While  current  measurement,  particularly  in  the  near  bottom  layers  is  im¬ 
portant  to  evaluating  site  conditions,  especially  in  predicting  stability  of 
any  deposit,  the  means  of  instrumentation  over  extended  periods  requires  re¬ 
finement.  Our  program  has  had  success  in' maintaining  various  arrays  of 
current  and  suspended  solids  sensing  equipment  which  has  yielded  useful  data 
(DAMOS  ANNUAL  REPORT,  VOL.  I,  1980).  However,  the  reliability  of  such  equip¬ 
ment  beyond  10  days  is  often  compromised  by  marine  organism  fouling.  This 
argues  for  more  intensive  developmental  effort  since  major  meteorological 
events  which  are  the  sought  after  records  do  not  always  cooperate  with 
cruise  schedules. 

With  the  amount  of  information  we  have  acquired  to  date  regarding  physi¬ 
cal  regimes  which  apply  to  each  disposal  site,  we  are  within  reach  of  produc¬ 
ing  a  mathematical  model  which  will  be  useful  to  the  regulator.  As  such 
models  are  refined,  prediction  of  resulting  bottom  conditions  3nd  management 
response  vr.il  be  considerably  improved.  If  the  premise  is  true  that  the 
physics  or  an  area  governs  the  biology,  then  we  are  not  far  from  what  is 
theoretically  possible  in  competent  prediction  of  site  conditions  resulting 
from  disposal. 

The  biological  component  of  our  monitoring  experience  has  been  most 
intriguing  because  of  the  inherent  variability  of  conditions  at  our  ocean 
sites.  It  seems  that  everyone  has  a  favorite  indicator  species  which  re¬ 
lates  pollution  effects  on  living  resources  to  predictability  of  impact 
upon  humans.  We  have,  of  course,  made  hundreds  of  observations  of  popula¬ 
tion  dynamics,  body  burden,  and  other  parameters  both  in  the  field  and  in 
the  laboratory,  but  choosing  the  one,  or  the  set,  is  a  most  difficult  task. 
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There  is  much  to  be  said  for  studying  fish  species  which  are  directly 
consumed  by  man  as  a  monitor  of  potential  adverse  impacts.  We  intend  to 
expand  upon  this  phase  of  our  activity  in  future  programs  as  we  gain  famil¬ 
iarity  with  appropriate  species  and  background  conditions. 

For  four  years  now  we  have  been  utilizing  sentinel  organisms  at  each 
major  disposal  site.  The  bivalve  mollusc,  Mytilus  edulis ,  was  chosen  for 
its  ubiquity  and  sessile  existence,  as  well  as  its  recognized  commercial 
and  ecological  importance.  It  has  been  used  by  many  investigators  for  some 
years,  is  well  documented  in  the  literature,  and  is  the  principal  organism 
used  in  the  Global  Mussel  Watch  Program.  This  phase  of  our  program  is  con¬ 
ducted  under  the  direction  of  Dr.  S.Y.  Feng  of  the  University  of  Connecticut. 
His  reports  on  the  temporal  and  spacial  variations  of  trace  metal  levels, 

PCB  levels,  and  physiological  conditions  of  these  sentinel  mussels  are  con¬ 
tained  in  DAMOS  Reports  20  thru  22,  and  the  1980  Annual  Report,  among 
others . 

The  findings  to  date  encourage  us  to  continue  to  utilize  both  the  blue 
mussel  and  the  horse  mussel  (Modiolus  modiolus)  both  from  the  standpoint  of 
measurable  response  to  changing  bottom  and  water  quality  conditions,  and 
from  the  standpoint  of  convenience.  Given  the  sometimes  arduous  conditions 
under  which  ocean  monitoring  is  conducted  and  the  high  cost  of  sustaining 
vessel  and  laboratory  operations,  any  methodology  which  simplifies  the  job 
must  be  counted  as  a  blessing. 

Feng  (1982)  in  his  report  on  deployment  of  the  sentinel  mussels  at  the 
capping  experiment  site  in  Central  Long  Island  Sound  gives  further  insight 
into  monitoring  design  and  strategy.  The  results  of  analysis  for  heavy  metals 
indicate  that  peak  concentrations  tend  to  occur  during  periods  of  increased 
suspended  load  in  the  water  column  attributable  both  to  natural  meteorologi¬ 
cal  events  and  dredged  material  disposal.  These  observations  compare  with 
sediment  transport  studies  being  conducted  under  the  program,  which  show  also 
that  the  temporal  and  spacial  effects  of  dredged  material  disposal  are  several 
orders  of  magnitude  smaller  than  those  induced  by  natual  storm  events. 

These  observations  further  correlate  with  similar  studies  conducted  in 
Eastern  Long  Island  Sound  which  suggest  that  the  observed  temporal  variation 
of  trace  metal  concentration  in  mussels  is  strongly  influenced  by  a  variety 
of  factors  such  as  river  runoff. 

Since  inception  of  our  disposal  area  studies  we  have  relied  a  great 
deal  upon  sampling  from  surface  vessels  by  conventional  apparatus  with 
accompanying  analyses  of  diversity  and  density  of  colonizing  species.  Over 
this  same  period,  however,  we  have  compiled  an  extensive  library  of  under¬ 
water  photos  and  diver  accounts  of  observed  phenomena  which  contribute 
measurably  to  understanding  sediment  behavior  and  dynamics,  as  well  as 
biological  activity.  Wherever  site  conditions  allow,  both  diver  observa¬ 
tion  and  photography  improve  the  confidence  level  of  the  program  manager 
in  his  interpretation  of  data  greatly,  and  justify  the  extra  effort  and  ex¬ 
pense  where  necessary. 
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Chemical  analyses  are  carried  on  concurrently  with  all  biological 
sampling  and  in  conjunction  with  cores  taken  on  site,  both  by  surface  craft 
and  by  diver.  As  the  chemistry  data  begin  to  accumulate,  we  see  some  in¬ 
teresting  relationships  which  may  be  of  possible  significance  to  later 
management  activities.  In.  general,  the  cores  taken  have  been  used  to  con¬ 
firm  visual  observations  of  dredged  material  transport  or  mound  behavior, 
and  it  is  clearly  possible  to  associate  material  on  the  dumpsite  with  its 
origin,  based  on  pre-dredging  analyses. 

Thus  we  see  the  possibilities  of  correlations  being  drawn  from  biologi¬ 
cal,  physical,  and  chemical  parameters  which  would  allow  the  manager  to 
better  discriminate  between  short-term  and  long-term  as  well  as  man-induced 
versus  natural  occurrences.  This  argues  strongly  for  the  design  of  any 
program  to  consider  the  means  by  which  perceived  impacts  can  be  analyzed 
from  more  than  one  perspective. 

An  extremely  important  offshoot  of  our  experience  with  the  monitoring 
program  was  the  application  recently  of  many  of  these  techniques  to  the 
selection  of  a  new  disposal  area  in  western  Long  Island  Sound.  Once  the 
primary  characterization  of  the  region,  consisting  of  commercial  fisheries 
surveys,  overall  topography,  and  wave  climate,  had  been  developed,  the 
process  of  refinement  and  definition  of  optimum  conditions  was  initiated. 
Overall  bathymetry  was  evaluated  using  side  scan  sonar  combined  with  the 
fathometer  system  to  generate  a  contour  chart.  The  side  scan  proved  to  be 
a  valuable  interpretive  tool  for  purposes  of  identifying  bottom  sediment 
characteristics.  The  area  tentatively  selected  from  these  records  was  ex¬ 
tensively  sampled  to  confirm  sediment  character,  and  samples  were  aralyzed 
for  baseline  information.  Current  meters  deployed  during  the  survey,  to¬ 
gether  with  wind  and  suspended  sediment  data,  provided  useful  comparative 
information.  Benthic  sampling  combined  with  diver  transects  tended  to  con¬ 
firm  the  bottom  conditions  revealed  by  physical  measurements.  Ultimately, 
a  bottom  feature  resembling  a  trough  was  considered  to  afford  the  optimum 
depositional  sice  condition  to  meet  the  requirements  of  regulation  and  to 
avoid  conflict  with  other  users.  Surveys  subsequent  to  initiation  of  use 
of  this  site  confirmed  that  the  specifications  were  being  met  in  all 
respects  (DAMOS,  CONTRIBUTION  „ 19  1982). 

The  interesting  relationships  to  which  I  refer  have  intrigued  scien¬ 
tists  for  some  time,  but  have  not  been  pursued  a  great  deal  in  research. 

This  has  to  do  with  the  fact! that,  because  of  their  potential  harmful 
effects,  attention  until  now  has  been  directed  to  detection  and  measure¬ 
ment  of  heavy  metals  and  various  to.cins.  There  has  been  a  corresponding 
neglect  of  possible  beneficial  effects  that  may  result  from  the  disposal 
of  dredged  material  at  sea. 

In  our  initial  attempt  to  characterize  two  regimes,  the  North  Atlantic 
Tidal  System  and  the  Culf  of  Maine  Tidal  System,  we  have  compiled  bulk  sedi¬ 
ment  analysis  data  from  cores  and  grab  samples  from  approximately  one  hundred 
New  England  harbor  bottoms.  A  natural  extension  of  this  analysis  would 
seem  to  lie  in  evaluating  the  effectiveness  of  these  organic  sediments  as 
fertilizers  when  they  are  dumped  at  sea  in  fishing  ground  areas,  that  is, 


308 


to  examine  the  sediments  by  breaking  down  their  organic  fractions  into 
estimates  of  their  various  components  to  see  what  they  might  have  to  offer 
by  way  of  enrichment  and  enhancement  of  primary  productivity.  Theoreti¬ 
cally,  it  appears  that  this  could  become  a  strategic  component  of  disposal 
site  management,  with  the  same  degree  of  predictability  that  is  being 
developed  for  physical  attributes. 

The  intriguing  possibility  of  maximizing  the  productivity  potential 
of  the  ocean  bottom  of  course  goes  beyond  the  original  objectives  cited 
for  monitoring  programs,  which  were  compliance  and  long-term  or  trend 
assessment.  However,  it  is  an  indication  that  monitoring  programs  are 
capable  of  developing  good  scientific  information  in  the  course  of  serving 
other  purposes.  It  seems  to  make  good  sense,  considering  the  high  expense 
involved  in  mounting  marine  studies,  to  attain  optimum  benefit  from  the 
effort. 

While  I  have  touched  upon  some  of  the  facets  of  our  program  which  I 
believe  are  distinctive,  I  must  also  emphasize  that  proper  organization  . 
and  operation  of  a  successful  monitoring  program  involve  much  more.  Quality 
control,  integration  with  other  programs,  possibly.of  wider  scope,'  and  pro¬ 
vision  for  information  transfer  are  equally  vital  aspects. 

The  subject  of  quality  control  is  far  too  extensive  for  the  purpose  of 
this  paper.  It  is  as  much  a  function  of  design  of  the  program  as  are  the 
other  components.  Our  own  experience  thus  far  has  been  satisfactory  on  a  , 
regional  basis  because  of  the  relatively  few  participants  in  the  program. 
Obviously,  the  correlation  of  information  of  one  program  with  another  will 
require  far  greater  effort  on  all  participants  with  regard  to  inter-laboratory 
calibration  and  other  considerations. 

As  a  concluding  note,  I  suggest  that  those  who  engage  in  design  of 
monitoring  programs  guard  against  the  tendency  of  scientists  to  "compart¬ 
mentalize"  along  special  disciplines.  There  is  little  question  that  it 
is  easier  to  work  this  way,  but  it  does  not  serve  the  project  nearly  so 
well  as  does  an  organization  along  inter-disciplinary  lines.  Our  program 
has  certainly  benefited  from  this  principle,  as  have  the  individuals  who 
must  utilize  its  findings. 
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ABSTRACT 

The  James  River,  Virginia,  is  a  tributary  of  the 
Chesapeake  Bay  polluted  with  the  toxic  pesticide 
Kepone.  The  Norfolk  District  of  the  Corps  of  Engi¬ 
neers  accomplished  maintenance  dredging  operations 
within  the  polluted  portion  of  the  James  River 
channel  during  fiscal  year  1982.  As  part  of  the 
channel  suintenance,  the  District  conducted  a  demon¬ 
stration  of  a  dredging  method  designed  to  contain 
and  lemove  a  polluted  layer  of  sediment  with  a  mini¬ 
mum  of  resuspenaion.  The  method  involved  modifying 
and  fitting  an  existing  dustpan  suction  head  to  a 
contractor's  cutterhead  dredge.  The  dredge  was  then 
operated  using  an  anchoring  and  maneuvering  wire 
arrangement  that  enabled  precise  positioning  of 
the  auction  head  within  the  specified  layer  of  pol¬ 
luted  sediment.  Monitoring  of  operating  parameters 
onboard  the  dredge,  of  resuspension  at  the  suction 
head,  and  of  water  quality  around  the  dredge  and 
disposal  area  was  accomplished  with  appropriate 
equipment.  The  dredge  was  also  operated  in  the 
conventional  cutterhead  configuration  for  com¬ 
parison  with  the  dustpan  arrangement .  The  data 
gathered  during  this  demonstration  project  per¬ 
mitted  evaluation  of  the  dredging  and  disposal 
methods  utilized,  and  will  he  useful  in  planning 
future  projects  in  the  James  River  and  other 
sites  involving  polluted  dredged  material. 
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INTRODUCTION 


The  Norfolk  District  is  located  in  Virginia,  and  includes  the  lower  half 
of  the  Chesapeake  Bay  with  its  sany  tributaries,  as  well  as  a  portion  of  the 
Atlantic  Coast.  In  serving  the  nation,  the  maintenance  of  navigation  channels 
and  harbors  is  one  of  the  most  important  missions.  We  have  over  60  authorized 
navigation  projects  that  are  active,  totaling  over  700  miles  (1100  km)  of 
waterway.  Depths  in  these  channels  vary  from  4  feet  (1.2  m)  in  the  smallest, 
to  45  feet  (13.7  m)  in  the  largest  harbor  projects. 

Our  deepest  projects  serve  the  vital  ports  of  the  Hampton  Roads  area, 
where  eventual  deepening  to  55  feet  (16.8  m)  is  planned.  Hampton  Roads  also 
provides  deep-water  access  to  the  James  River,  one  of  our  more  important 
tributaries. 


BACKGROUND 

The  James  River  (Figure  1)  generally  flows  easterly,  from  the  Allegheny 
Mountains  of  western  Virginia,  to  its  mouth  at  Hampton  Roads  and  into  the 
Chesapeake  Bay.  Between  the  City  of  Richmond  and  the  mouth,  a  distance  of 
90  miles  (145  km),  the  James  is  tidal  and  navigable.  In  this  portion  of  the 
river,  a  navigation  channel  25  feet  (7.6  m)  deep  is  maintained  to  serve  the 
ports  of  Richmond  and  Hopewell,  and  the  industries  between  these  cities.  These 
industries  and  port  activities  depend  on  the  James  River  Channel  for  the 
economical  transport  of  many  commodities  and  raw  materials.  As  is  the  case 
on  many  of  the  world's  waterways,  local  industries  have  created  pollution.  In 
particular,  the  Allied  Chemical  Corporation,  at  plants  in  the  vicinity  of 
Hopewell,  Virginia,  was  responsible  for  the  release  of  Kepone  into  the  James 
River  system.  Between  1967  and  1975  it  is  estimated  that  as  much  as  65,000 
pounds  (30,000  kg)  of  the  highly  toxic  chemical  was  discharged  into  the  James 
River  basin. 


Figure  ).  Location  of  James  River,  Virginia 
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Following  discovery  of  the  extent  of  Kepone  pollution,  and  formation  of 
State  and  Federal  task  forces,  the  U.  S.  Environmental  Protection  Agency  (EPA) 
conducted  the  Kepone  Mitigation  Feasibility  Study.  As  part  of  this  effort, 
the  Norfolk  District  was  requested  to  evaluate  alternatives  for  the  removal 
of  Kepone-contaminated  sediments,  and  to  investigate  potential  dredging  tech¬ 
nology  and  methods  to  control  resuspension  and  secondary  pollution.  During 
this  mitigation  study,  a  delegation  from  EPA  and  the  Norfolk  District  visited 
Japan  to  observe  specialized  methods  of  handling  toxic  sediments.  The  group 
was  favorably  impressed  with  the  Oozer  Dredge  because  of  its  alleged  ability 
to  achieve  a  high  solids-to-water  ratio  and  minimize  resuspension.  As  a 
result  of  the  Japan  visit,  the  Norfolk  District  recommended  that  a  demonstra¬ 
tion  project  be  conducted  on  the  James  River  to  evaluate  the  Oozer  Dredge  in 
comparison  with  a  conventional  cutter  suction  dredge.  The  basis  for  the 
recommendation  was  that  there  would  be  a  need  to  knbw  the  best  method  of 
removing  pollutant  "hot  spots,"  whether  consisting  of  Kepone  in  the  James 
River  or  toxics  in  other  areas  of  the  country,  if  the  Corps  were  assigned 
,a  cleanup  mission. 

The  recommendation  to  conduct  a  demonstration  project  was  made  to  higher 
authority  in  early  1979,  and  resulted  in  much  discussion  among  dredging  experts 
both  within  and  outside  the  Corps.  Infonnally  it  was  suggested  that  a  dustpan 
dredge,  appropriately  modified,  could  perform  as  well  as  the  Oozer  Dredge  in 
removing  polluted  sediments.  It  was  further  suggested  that  parts  from  retired 
Corps  dustpan  dredges,  if  available,  could  be  adapted  to  cutterhead  dredge 
plant.  As  a  result  of  these  discussions,  an  engineering  consultant  with 
Amalgamated  Dredge  Design,  Incorporated,  presented  a  proposal  to  the  Corps. 

He  recommended  that  an  existing  dustpan  suction  head  and  ladder,  if  available 
from  a  retired  dredge  in  the  St.  Louis  District,  be  modified  and  fitted  to  a 
contractor's  cutter  suction  dredge.  The  effectiveness  of  this  arrangement 
for  dredging  polluted  sediment  would  then  be  tested  and  compared  to  the 
conventional  cutterhead  arrangement.  The  dredging  would  be  accomplished  as 
part  of  the  maintenance  of  the  James  River  Channel.  This  proposal  was  the 
basis  for  the  dredging  demonstration  project  in  the  James  River. 

DREDGING  METHODS 

Since  most  persons  in  the  dredging  business,  and  related  activities  and 
industries,  are  familiar  with  the  various  types  of  dredging  equipment,  de¬ 
tailed  descriptions  of  the  cutterhead  and  dustpan  dredges  and  their  operation 
will  not  be  covered  here.  It  is  important,  though,  to  show  some  of  the 
differences  between  the  two  methods. 

C u tier  Suction  Dredge 

The  James  River  has  been  economically  mair.‘,ained  for  decades  by  contrac¬ 
tors  with  cutterhead  plant.  The  conventional  cutter  suction  dredge  would 
appear  to  be  well  suited  for  removal  of  the  contaminated  material  of  the 
James . 

The  two  stern  spuds  of  the  dredge,  often  termed  the  digging  spud  and 
walking  spud,  provide  firm  anchorage  in  the  channel  bottom.  By  rotating  on 
the  digging  spud  while  making  radial  cuts  across  the  channel,  the  dredge  is 
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able  to  move  accurately  over  the  specified  dredging  area.  Dredging  depth  and 
output  can  also  be  accurately  controlled.  Furthermore,  cutter  suction  dredges 
can  discharge  the  material  over  long  distances,  which  is  a  distinct  advantage 
if  polluted  material  is  to  be  deposited  in  a  distant  containment  site. 

The  cutterhead  dredge  does  have  apparent  disadvantages  for  dredging  the 
contaminated  James  River  sediments.  The  rotating  cutter  can  cause  resuspension 
of  material  at  the  head,  particularly  in  the  silty-clay  of  the  James.  The 
action  of  the  cutter  also  adds  water  to  the  material  in  excess  of  the  in-place 
water  content,  increasing  disposal  area  needs  if  a  containment  site  were  re¬ 
quired.  Because  of  the  geometry  of  the  cutterhead  dredging  pattern,  overlap  of 
the  dredge  cuts  cannot  be  avoided.  These  overlaps  result  in  additional,  un¬ 
wanted  dilution  water. 

Dustpan  Dredge 

The  dustpan  type  dredge  was  developed  for  use  in  maintaining  the  lower 
Missouri  and  Mississippi  River  channels,  and  can  achieve  high  outputs  in 
granular  materials.  While  the  dustpan  is  a  hydraulic  dredging  method,  as  is 
the  cutterhead,  it  differs  in  how  it  maneuvers  and  excavates. 

While  operating,  the  dustpan  faces  into  the  swift  river  current  and  is 
held  on  station  by  two  crossing  headwires,  anchored  well  upstream.  The  wide 
but  shallow  opening  of  the  dustpan  suction  head  is  advanced  straight  ahead 
into  the  shoal  and  makes  long  cuts  by  hauling  in  the  two  headwires.  The  ad¬ 
vantage  of  this  method  in  removing  polluted  material  is  the  straight  line 
advance,  permitting  a  constant  width  of  cut.  The  dustpan  dredge  can  also 
accurately  control  the  depth  cf  dredging. 

The  dustpan  dredge  has  disadvantages  for  working  in  the  James  River.  The 
dustpan  head  has  a  number  of  water  jets  at  the  mouthpiece  which  fluidize  the 
granular  material  of  the  Mississippi  River  bed,  permitting  flow  into  the  suc¬ 
tion  head.  These  jets  enable  high  outputs  of  granular  material,  but  would 
cause  unwanted  resuspension  and  dilution  of  the  fine-grained  sediments  of  the 
James.  This  soft  but  more  cohesive  material  may  also  cause  choking  in  the 
dustpan  head,  and  may  possibly  spill  over  and  around  the  head.  Finally, 
additional  anchor  lines  would  be  needed  in  the  James  River,  where  currents 
change  direction  with  the  tide,  versus  the  steady  current  of  the  Mississippi. 

The  Problem  of  Total  Containment 

To  effectively  remove  a  layer  of  contaminated  sediment  involves  a  concept 
our  consultants  termed  "total  containment.”  This  is  more  than  simply  dredging 
the  sediment.  The  specified  layer  should  be  removed  at  maximum  density  to 
lessen  disposal  problems.  Resuspension  should  be  minimized  to  lessen  water 
quality  problems  and  the  amount  of  contami na t ion  left  behind.  Ideally,  no 
more  and  no  less  than  the  desired  volume  of  sediment  would  be  removed.  It  is 
apparent  that  accurate  placement  of  the  dredging  equipment  in  the  material  is 
a  access i ty . 

In  the  James  River  estuary,  the  sediments  forming  shoals  in  the  navigation 
channel  are  primarily  silts  and  clays,  with  relatively  low  densities  and  high 
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moisture  contents.  While  this  material  is  "easy  digging"  for  a  typical  cutter- 
head  dredge,  it  makes  the  problem  of  total  containment  more  difficult. 

Our  consultants  proposed,  in  essence,  to  combine  some  of  the  advantages 
of  the  cutterhead  and  dustpan  methods  of  dredging,  and  eliminate  some  of  their 
inherent  drawbacks.  The  resulting  dredge  system  would  be  further  improved 
with  an  anchoring  and  maneuvering  arrangement  adapted  from  gold  dredging  tech¬ 
niques,  and  with  advanced  electronic  positioning  equipment. 

MODIFICATION  01’  DUSTPAN 
SUCTION  HEAD  AND  LADDER 


Entry  Design 

The  suction  hea  t  on  an  existing  Corps  dustpan  dredge  was  equipped  with 
water  jets  along  the  top  of  the  mouthpiece,  and  digging  teeth  on  the  bottom, 
to  enhance  the  flow  of  granular  material.  These  features  are  undesirable 
for  dredging  of  contaminated  silt,  and  removal  of  them  was  recommended. 

Our  consultants  proposed  fitting  the  dustpan  (Figure  2)  with  a  newly 
fabricated  mouthpiece,  to  present  a  hydraulically  "clean"  opening  to  the 
material,  without  trash  bars  or  grates.  Still,  the  material  had  to  overcome 
the  entry  losses  of  the  flat  rectangular  mouthpiece.  A  rollover  plate,  shaped 
like  a  bulldozer  blade,  was  recommended  to  accomplish  this,  by  building  up  an 
artificial  head  of  material  at  the  top  edge  of  the  entrance. 

The  layer  of  material  created  above  the  head  entrance  would  have  a  ten¬ 
dency  to  spill  over  the  sides,  leaving  some  of  the  specified  material  un¬ 
dredged.  To  prevent  this,  wing  plates,  attached  to  either  side  of  the  dustpan, 
and  a  splitter  plate,  attached  in  the  center,  were  proposed.  These  plates  were 
designed  to  provide  some  stability  for  the  head  as  it  advanced,  and  also  to 
prevent  the  entry  of  dilution  water  at  the  sides. 

Dredging  Ladder 

Modification  to  the  existing  dustpan  ladder  was  advised  for  two  reasons. 
First,  the  ladder  required  an  extension  to  enable  dredging  at  the  greater 
depths  of  the  James  River.  And  second,  this  ladder  needed  to  be  modified  to 
fit  the  well  and  trunnions  of  a  contractor's  cutter  suction  dredge. 

ANCHORING  AND  MANEUVERING  THE  DREDGE 

As  well  as  mouthpiece  design,  total  containment  depends  on  the  ability  to 
accurately  place  and  maneuver  the  suction  head  with  the  dredging  area.  This 
is  dependent  on  the  method  chosen  for  wiring  and  anchoring  the  dredge. 

The  method  proposed  for  the  James  River  may  appear  unorthodox,  but  was 
based  to  some  extent  on  mining  dredging,  where  accurate  movement  and  position¬ 
ing  is  also  needed.  Under  the  proposed  anchoring  and  maneuvering  arrangement 
(Figure  3),  the  dredge  would  set  up  perpendicular  to  the  channel  center  line, 
and  make  cuts  across  the  channel  between  a  head  wire  and  a  stern  wire.  The 
dredge  would  be  held  on  station  not  by  a  spud,  but  by  calibrated  radial  wires 
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anchored  on  the  center  line  at  a  common  point  several  hundred  feet  to  the  side. 
On  the  opposite  side,  our  consultants  recommended  a  wire  anchored  again  on  the 
channel  center  line,  to  keep  the  radial  wires  under  constant  tension  and  to 
enable  smooth  arcs  across  the  channel. 

To  accurately  move  the  dredge  from  one  station  to  the  next,  the  consul¬ 
tants  proposed  taking  in  an  amount  on  the  radial  wires  equivalent  to  the  width 
of  the  dustpan  head,  and  adjusting  the  tension  wire.  The  resulting  dredged 
pattern  would  be  a  series  of  smooth  arcs  across  the  channel.  Overlap  of  the 
cuts  would  be  minimal  because  of  the  length  of  the  radius. 

INSTRUMENTATION 

The  instrumentation  recommended  by  our  consultants  fell  into  two  broad 
categories:  equipment  for  positioning  and  tracking  the  movement  of  the  dredge 

head,  and  equipment  for  measuring  and  assessing  the  performance  of  the  dredging 
system. 

The  first  group  included  an  electronic  positioning  system  comprised  of  a 
three  range  navigation  system,  data  processor,  plotter,  left/right  indicator, 
and  input/output  terminal;  and  a  ladder  depth  indicator  with  radio-transmitted 
tide  correction.  The  navigation  system  would  aid  in  accurate  horizontal  posi¬ 
tioning  and  tracking  of  the  dredge,  while  the  ladder  depth  indicator  would 
permit  precise  vertical  placement  of  the  dredge  head. 

The  second  group  included  transmitters  and  electronic  indicators  for  pump 
vacuum  and  pressure  and  for  discharge  line  velocity  and  density;  a  production 
calculator  to  measure  output  by  integrating  density  and  velocity;  and  a  system 
for  sampling  and  measuring  turbidity  around  the  dredge  head.  Our  consultants 
also  recommended  the  recording  of  other  parameters  that  could  be  read  on 
existing  gauges,  such  as  engine  speed  and  engine  temperature. 

PROJECT  IMPLEMENTATION 


Environmental  Coordination 

Since  discovery  of  the  Kepone  problem  in  1975,.  all  dredging  projects 
within  the  lower  James  River  basin  have  required  special  consideration.  At 
first  it  was  believed  that  disposal  in  upland  containment  areas  would  be  the 
best  disposition  for  Kepone-laden  dredged  material.  State  and  Federal  environ¬ 
mental  agencies  eventually  adopted  a  policy  that  recommended  open  'ater  dis¬ 
posal  whenever  feasible.  Several  reasons  accounted  for  this  change.  Since 
historically  the  method  of  overboard  disposal  was  used  for  most  of  the  James 
River  maintenance  dredging,  upland  sites  were  generally  not  available  near 
the  Kepone  contamination.  Officials  could  not  justify  the  tremendous  expense 
of  developing  and  using  new  upland  sites  for  maintenance  dredging  requirements, 
which  account  for  but  a  small  percentage  of  the  Kepone  present  in  the  river. 
Fears  that  Kepone  deposited  in  upland  sites  would  contaminate  groundwater  and 
be  introduced  to  the  upland  food  chain  provided  further  impetu  toward  a  policy 
of  open  water  disposal. 

During  early  1981  the  Corps  presented  the  James  River  Dredging 
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Demonstration  to  State  and  Federal  environmental  officials.  The  project  was 
proposed  not  as  a  "cleanup"  effort,  since  open  water  disposal  would  be  used, 
but  rather  as  a  demonstration  of  a  potential  cleanup  technique.  The  agencies 
endorsed  the  project  concept,  some  enthusiastically,  and  during  the  spring 
and  summer  of  1981,  they  met  with  the  Corps  to  work  out  final  details.  Exten¬ 
sive  water  quality  monitoring  by  both  the  State  and  the  Corps  was  an  important 
part  of  the  pl<,n. 

Design  Phase 

A  contract  for  architect-engineer  services  was  awarded  to  Amalgamated 
Dredge  Design,  Incorporated,  to  prepare  plans  for  the  project  and  to  act  as 
chief  consultants.  The  plans  primarily  involved  design  of  modifications  to 
the  dustpan  head  and  ladder,  modifications  to  an  existing  cutter  suction 
dredge,  choice  of  onboard  dredge  instrumentation,  and  a  program  for  carrying 
out  the  dredging  tests. 

Visits  to  the  retired  Corps  Dredge  KENNEDY  were  made  to  determine  which 
dustpan  parts  could  be  made  available  for  the  project.  The  St.  Louis  District 
assisted  by  removing  and  delivering  the  specified  parts  to  Norfolk,  including 
the  dustpan  head  and  dredging  ladder. 

The  designs  could  not  be  final  until  after  it  was  known  which  cutter 
suction  dredge  would  be  used.  The  Corps  received  bids  from  four  firms  for 
lease  of  a  dredge,  and  the  low  bidder,  Norfolk  Dredging  Company,  was  awarded 
the  dredging  contract.  The  18-inch  (450-mm)  cutter  suction  dredge  ESSEX  was 
designated. 

During  the  design  phase  we  also  initiated  procurement  of  the  recommended 
instrumentation  packages.  For  horizontal  positioning,  the  contractor  ordered 
a  Tellurometer  model  MRD- 1  three  range  navigation  system  and  Digital  Design  & 
Development  model  PSS- 1  data  processing  system.  For  vertical  positioning  of 
the  dredge  head,  an  Observator  model  MK-22  ladder  depth  indicator  with  tide 
correction  was  ordered.  The  dredge  process  instrumentation  included  IHC 
Holland  transmitters  and  indicators  for  pressure,  vacuum,  velocity,  and 
density,  with  a  production  calculator. 

Maintenance  Dredging 

Restoration  of  the  James  River  Channel  would  involve  the  removal  of  about 
a  million  cubic  yards  (756,000  cu  m).  We  realized  that  the  dredging  demonstra¬ 
tion  effort  could  accomplish  only  a  portion  of  this.  Because  of  time  limita¬ 
tions,  the  bulk  of  the  dredging  would  need  to  be  done  conventionally.  And 
conventional  dredging  could  be  accomplished  before  completion  of  plans  for  the 
demonstration  and  actual  modification  of  the  dredge,  while  waiting  for  delivery 
of  essential  instrumentation. 

During  November  1981  Norfolk  Dredging  Company  removed  613,500  cubic  yards 
(470,000  cu  m)  from  the  channel  in  the  vicinity  of  Jamestown  Island,  using  the 
ESSEX.  The  Corps  and  the  State  Water  Control  Board  monitored  water  quality 
during  this  dredging,  and  found  that  Kepone  levels  remained  within  safe 
limits,  both  in  the  water  and  in  shellfish.  Dissolved  Kepone  did  not  exceed 
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9  parts  per  trillion,  well  within 
trillion. 


the  water  qualify  guideline  of  15  parts  per 


Modification  of  Dredge 

With  final  modification  plans,  Norfolk  Dredging  Company  put  the  ESSEX  into 
Colonna's  Shipyard  in  February  1982  (Figure  4).  The  dustpan  parts  were 
reassembled,  and  the  new  mouthpiece  installed.  A|fter  extension  of  the  ladder 
and  modification  of  the  suction  piping,  the  dustpan  was  fitted  in  the  well  in 
place  of  the  existing  cutterhead  ladder.  Meanwhile,  the  anchor  wire  arrange¬ 
ment  was  altered  to  permit  the  new  mode  of  operation. 


A  gantry  on  the  dustpan  head  was  installed  tp  support  turbidity  sampling 
tubes.  These  tubes  fed  through  a  manifold  to  a  pump  for  filling  the  turbidity 
test  tank  on  the  starboard  deck.  In  the  lever  roqm,  technicians  began  setting 
up  instrumentation  for  positioning  and  output  measurement. 

Dustpan  Dredging  Tests  I 


During  April  1982,  Colonna's  Shipyard  completed  work  on  the  ESSEX.  We 
still  larked  some  of  the  instrumentation  being  shipped  from  Europe,  but  the 
decision  was  made  to  mobilize  and  start  testing  tije  dustpan  configuration. 

The  final  items  to  complete  the  instrumentation  package  were  the  velocity  and 
density  transmitters,  which  were  received,  installed,  then  made  operational 
dr.ring  the  first  week  of  May  by  the  suppliers  service  engineer.  The  dustpan 
dredging  tests  were  conducted  by  Norfolk  Dredging  jCompany  with  the  continuous 
support  and  advice  of  the  engineers  with  Amalgamated  Dredge  Design,  during 
the  period  April  13  through  May  15,  1982.  Approximately  69,000  cubic  yards 
(53,000  cu  m)  was  removed  from  the  channel  using  tihe  dustpan  configuration  and 
operating  only  during  a  10-hour  daylight  period. 

Cutterhead  Dredging  and  Tests 

Norfolk  Dredging  Company  towed  the  ESSEX  to  their  yard  after  completion 
of  the  dustpan  tests,  and  replaced  the  dustpan  heaid  and  ladder  with  the  origi¬ 
nal  cutterhead  and  ladder.  The  dredge  wiring  and  anchor  systems  were  also 
rearranged  for  cutterhead  operation.  Upon  completion  of  this  restoration  work, 
the  ESSEX  was  again  mobilized  to  the  James  River,  this  time  for  testing  of  the 
cutterhead  mode  of  operation  and  removal  of  the  remaining  shoals.  Our  consul¬ 
tants  again  took  readings  of  turbidity  around  the  head,  and  of  vacuum,  pres¬ 
sure,  velocity,  and  density.  The  dredge  contractor  operated  the  ESSEX  on  a 
normal  24-hour  day,  with  the  exception  of  the  10-hour  daylight  period  for 
testing  and  monitoring.  Approximately  387,000  cubic  yards  (296,000  cu  m)  was 
removed  between  May  25  and  June  15,  1982,  with  the  dredge  operating  as  a 
conventional  cutterhead.  I 


Water  Quality  Monitoring 

During  the  periods  of  test  dredging,  both  dusjtpan  and  cutterhead,  we 
again  conducted  an  extensive  water  quality  monitoring  program.  Kepone  and 
turbidity  levels  stayed  within  acceptable  limits,  and  the  effects  of  the 
disposal  operation  were  confined  to  the  open  water  disposal  area.  The  dredging 
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Figure  4.  Dredge  in  Shipyard 


tests  provided  an  opportunity  for  the  Waterways  Experiment  Station  (WES)  to 
conduct  independent  studies  of  the  effects  of  the  dustpan  and  cutterhead  con¬ 
figurations  on  suspended  solids  levels.  The  State  Water  Control  Board  did  not 
monitor  during  the  dredging  operations,  but  did  sample  to  determine  Kepone 
concentrations  in  the  disposal  areas  after  completion  of  dredging. 

RESULTS  OF  DEMONSTRATION 

Dustpan  Tests 

Norfolk  Dredging  Compar.  s  crew  in  cooperation  with  Amalgamated  Dredge 
Design  handled  the  setup  and  operation  of  the  ESSEX  in  the  dustpan  mode 
efficiently  and  professionally.  Crew  training  in  this  unfamiliar  arrangement 
took  place  onsite  during  the  f'rst  ten  days  and  included  maneuvering  tests. 

The  wiring  and  anchoring  arrar-  ;r  ^nt  satisfactorily  kept  the  dredge  on  station, 
once  the  crew  became  proficient  and  problems  were  worked  out.  These  problems 
included  anchor  and  winch  brake  slippage,  and  the1  stern  wire  catching  on  the 
pontoon  line. 

The  success  of  the  anchoring  arrangement  enabled  accurate  placement  of  the 
head  from  one  cut  across  the  channel  to  the  next.  This  was  desirable  in  \ 

trying  to  achieve  "total  containment"  of  polluted  material.  Our  consultants 
believe  the  overlap  between  cuts  was  kept  within  acceptable  limits  of  3  feet 
(1  m)  as  compared  to  the  width  of  the  head  of  28  feet  (8.5  m) . 

Even  with  accurate  pacement,  the  dustpan  head  was  not  able  to  contain  the 
material  as  well  as  we  had  hoped.  At  the  slowest  speed  of  advance  (7.7  feet 
or  2.3  m  per  minute)  with  a  9-inch-deep  cut  (23  cm)  some  material  spilled 
over  the  head,  creating  turbidity.  Our  consultants  believe  this  problem  re¬ 
sulted  from  the  poor  hydraulic  radius  of  the  dustpan  head  and  resistance  to 
flow  of  the  silty-clay.  These  conditions  also  contributed  to  occasional 
choking  of  the  head.  Average  production  was  300  cubic  yards  (230  cu  m)  per 
hour  of  operation. 
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Cutterhead  Tests 


With  the  ESSEX  refitted  to  operate  in  the  cutterhead  mode,  the  contractor 
completed  the  dredging  tests  without  significant  problems. 

Turbidity  readings  from  sampling  points  at  the  suction  head  showed  the 
cutter  created  significantly  less  resuspension  than  the  dustpan.  WES  data 
confirmed  this,  showing  a  cutterhead  plume  in  the  channel  averaging  10  mg 
per  liter  less  than  the  dustpan  plume.  Density  and  output  were  more  consistent 
and  higher  in  the  cutter  mode  than  in  the  dustpan  mode. 

Throughout  the  final  phase  of  cutterhead  dredging,  overall  production  was 
high,  averaging  more  than  700  cubic  yards  (535  cu  m)  per  hour.  The  contractor 
and  consultant  both  attribute  this  to  the  relatively  ideal  conditions:  soft 
material,  good  weather,  and  a  pumping  distance  to  the  disposal  area  of  only 
2,000  feet  (600  m) .  We  believe  this  is  also  an  indication  of  the  "can-do" 
attitude  of  the  contractor,  and  the  dredging  industry  in  general,  as  well  as 
the  efficiency  of  the  conventional  cutterhead  d  edge. 

Comparison  of  Dustpan  and  Cutterhead 


With  any  comparison  of  the  two  modes,  we  must  keep  in  mind  that  the  dust¬ 
pan  was  modified  in  an  attempt  to  contain  polluted  sediment,  and  that  maximi2- 
ing  production  during  this  phase  was  not  a  primary  goal.  This  is  in  contrast 
to  the  cutterhead  phase,  where  the  dredge  was  operated  efficiently  and 
conventionally. 

It  was  no  surprise,  then,  that  the  cutterhead  mode  achieved  higher  pro¬ 
duction.  During  hours  of  operation  (10  hours  per  day  with  dustpan,  24  hours 
with  cutter)  the  cutter  suction  mode  averngcd  more  than  double  the  production 
of  the  dustpan,  on  an  hourly  basis.  Contrary  to  our  anticipations,  though, 
the  dustpan  also  did  not  perform  as  well  as  the  cutterhead  in  limiting  resus¬ 
pension  at  the  head.  Both  our  consultants  and  the  Waterways  Experiment  Station 
observed  higher  levels  of  suspended  material  at  the  dustpan  than  at  the 
cutterhead . 

Water  Quality  Monitoring 

The  Norfolk  District  obtained  valuable  water  quality  data  during  each 
phase  of  the  James  River  dredging.  A  team  consisting  of  survey  technicians, 
boat  operator,  scientists,  and  engineers  sampled  water  for  various  parameters 
around  both  the  dredge  and  the  discharge  point.  The  use  of  a  survey  vessel 
with  electronic  positioning  enabled  the  samples  to  be  taken  at  predetermined, 
known  locations. 

Our  monitoring  plan  concentrated  on  Kepone  and  turbidity.  Neither  of 
these  parameters  increased  significantly  above  background  in  the  water 
column  around  the  dredge  head,  for  either  dredging  method.  The  situation 
differed  at  the  disposal  area.  While  levels  of  turbidity  and  suspended 
solids  in  this  area  were  similar,  but  slightly  higher  during  the  cutter  mode, 
the  dissolved  Kepone  levels  for  the  cutterhead  averaged  more  than  three  times 
the  levels  during  the  dustpan  mode  (11.7  versus  3.2  parts  per  trillion).  This 
is  perhaps  explained  by  the  fact  that  the  cutterhead  moved  more  than  five 
times  the  amount  of  material  moved  by  the  dustpan,  during  more  or  less  equal 
periods  on  the  calendar.  At  the  disposal  site,  Kepone  and  turbidity  levels 
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remained  within  acceptable  limits,  and  the  elevation  of  these  levels  was  short 
term  and  confined  to  the  designated  disposal  area. 

During  the  first  phase  of  maintenance  dredging  in  November  1981,  the 
State  Water  Control  Board  conducted  a  study  of  Kepone  levels  in  clams  held 
within  the  disposal  area.  The  Board's  study  concluded  that  Kepone  in  the 
shellfish  rose  slightly  as  a  result  of  the  disposal  operation,  but  not  enough 
to  be  of  concern.  Rather  than  test  shellfish  again  during  the  dredging  tests, 
the  Water  Board  chose  to  sample  surface  sediments  in  the  disposal  areas.  This 
study  showed  that  sediment  Kepone  levels  were  higher  after  the  cutterhead  phase 
than  the  dustpan  phase.  This  may  be  due  again  to  the  vast  differences  in 
quantities  deposited  during  the  two  phases. 

EFFECTIVENESS  OF  INSTRUMENTATION 

Prior  to  this  project  we  had  no  experience  with  the  instrumentation  used 
on  the  James  River.  The  dredging  demonstration  has  provided  the  opporuunity 
to  gain  experience  with  and  judge  the  effectiveness  of  the  instrumentation 
packages. 

Electronic  Positioning  System 

The  three-range  electronic  navigation  system,  coupled  with  data  processing 
equipment  and  plotter,  proved  valuable  in  delineating  the  work  area  and  the 
path  of  the  dredge  within  accuracy  of  .+  one  meter.  Dredge  operators  in  the 
lever  room  could  monitor  the  dredge  he;.d  location  with  respect  to  the  channel 
using  either  the  plotter  or  a  left/right  indicator. 

As  well  as  providing  accurate  horizontal  positioning  of  the  suction  head, 
the  system  could  also  indicate  when  the  anchoring  and  maneuvering  wire  arrange¬ 
ment  was  functioning  improperly.  Slippage  from  the  desired  location  would 
show  up  as  a  deviation  on  the  plotter  as  it  traced  the  dredge  head  path. 

The  electronic  positioning  system  was  not  free  of  problems.  Early  in 
the  testing  program,  our  technicians  determined  that  the  system  was  malfunc¬ 
tioning,  and  a  service  engineer  was  called  in  for  repair.  We  have  learned 
that  effective  use  of  a  sophisticated  system  such  as  this  requires  highly 
trained  people  for  operation,  monitoring,  and  routine  maintenance  of  the 
equipment . 

Dredging  Ladder  Depth  Indicator 

The  ladder  depth  indicating  system  proved  valuable  to  che  dredge  operator 
for  accurate  vertical  positioning  of  the  dredge  head.  The  system  measured  the 
angle  of  the  ladder,  translated  this  into  a  depth,  and  corrected  for  the 
height  of  the  tide.  This  freed  dredge  personnel  from  periodically  reading  the 
tide  at  a  distant  location  and  calculating  the  required  depth. 

One  problem  with  the  depth  indicator  surfaced  shortly  after  start-up. 

The  system  was  not  properly  correcting  for  the  radio  tide  signal.  The  sup¬ 
plier's  service  engineer  promptly  adjusted  the  system,  and  for  the  remainder 
of  the  project  no  other  problems  occurred.  Again,  this  indicates  the  need 
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to  have  trained  technical  people  available. 

Dredge  Production  Instrumentation 

Discharge  pipeline  velocity,  density,  and  output  readings  were  provided 
in  the  level  room  and  were  some  of  the  more  valuable  data  obtained  during  the 
project.  To  the  dredge  operator,  this  additional  information  was  of  little 
value,  since  he  could  operate  as  efficiently  as  possible  using  pressure, 
vacuum,  and  engine  speed  gauges.  However,  to  our  consultants,  readings  of 
velocity,  density,  and  output  were  essential  in  evaluating  the  dustpan  and 
cutter  modes  of  dredging. 

After  calibration  and  start-up  of  the  production  instrumentation,  the 
system  proved  steady  and  reliable.  Our  problems  with  this  equipment  were  in 
procurement.  For  any  instrumentation  manufactured  overseas,  and  particularly 
for  the  density  transmitter  with  its  nuclear  source,  we  recommend  long  lead 
times  to  allow  for  procurement  approval  and  licensing. 

SUMMARY  AND  CONCLUSIONS 

Our  dredge  contractor  and  engineering  consultants  did  a  commendable  job 
in  starting  up  and  executing  the  dredging  demonstration  in  the  James  River. 

In  the  dustpan  mode  the  wiring  and  anchoring  arrangement  worked  well  and  pro¬ 
vided  the  needed  accuracy.  In  terms  of  "total  containment"  the  dustpan  head 
did  not  perform  as  well  as  we  hoped.  Our  consultants  suggest  that  with  the 
dustpan's  wide  flat  opening  and  poor  hydraulic  radius,  improvement  may  be  ob¬ 
tained  by  some  means  of  vibration  or  cutting  action.  This  would  reduce  the 
resistance  to  flow  which  caused  spilling  over  the  top  and  sides  of  the  head. 
The  consultants  also  suggest  that  a  different  suction  head  design,  such  as  a 
Fruehling  type  head,  may  be  better  in  dredging  contaminated  silty-clay. 

The  selected  instrumentation  proved  effective  both  in  positioning 
accuracy  and  m  evaluating  dredge  performance.  Electronic  equipment  for 
horizontal  and  vertical  positioning  of  the  dredge  head  was  more  valuable  to 
the  dredge  operators  than  was  the  production  instrumentation.  Management 
personnel  of  the  dredging  firm  believe  the  package  providing  output,  velocity, 
and  density  readings  could  be  an  effective  tool  for  evaluating  dredge  perfor¬ 
mance  problems.  For  sophisticated  electronic  equipment  of  any  type,  it  is 
highly  desirable  to  have  well-trained  technicians  available,  and  contracts  for 
service  and  maintenance  are  recommended. 

The  water  quality  studies  conducted  during  the  demonstration  project 
showed  that  dredging  in  the  James  River  does  not  create  problems  with  Kepone 
resuspension  or  turbidity.  The  Ct rps  and  the  State  of  Virginia  have  already 
used  our  documented  monitoring  results  in  evaluating  and  permitting  other 
key  dredging  projects  in  the  James  that  would  otherwise  have  not  been  possible 
The  District  is  also  using  the  information  to  develop  a  long-term  disposal 
solution  for  a  badly  shoaled  military  port  facility  at  Fort  Eustis. 

Overboard  disposal  proved  to  be  economical  and  without  serious  environ¬ 
mental  effects.  The  total  project  cost,  including  the  additional  costs  for 
dredging  tests  and  water  quality  monitoring,  worked  out  to  about  $3.00  per 
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cubic  yard  removed.  Alternative  plans  such  as  upland  disposal  range  as  high 
as  $5  to  $10  per  cubic  yard.  We  believe  that  dredging  managers,  engineers, 
environmental  scientists,  and  other  individuals,  who  have  a  responsibility  for 
channel  dredging  or  removal  of  contaminated  material,  can  benefit  from  the 
various  findings  of  this  project. 
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FIELD  DREDGING  TEST-  OF  SOFT  MUD  LAYER  EY 
A  FRONT-OPEN  TYPE  DRAG  HEAD 


Yoshltugu  Iria 

Second  District  Port  Construction  Bureau 


SUMMARY 


This  paper  describes  the  result  of  s  field  dredging  test  carried  out  as 
part  of  a  study  of  a  method  of  effective  removal  and  disposal  of  bottom 
sediments  In  a  vast  closed  water  area  such  as  Tokyo  Bay. 

We  manufactured  a  new  type  drag  head  that  can  dredge  soft  mud,  dredging 
thinly  and  widely,  in  high  density.  We  equipped  a  trailing  hopper  suction 
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dredge  (hopper  capacity  of  4000  m  )  with  this  new  drag  head  and  field  tested 
off  Chiba  in  Tokyo  Bay.  Good  resulcs  were  obtained. 

The  5th  District  Port  Construction  Bureau  manufactured  a  second  drag  head 
of  the  same  type  and  equipped  the  trailing  hopper  suction  dredge  "Seiryu 
Maru"  with  it  and  field  tested  in  Ise  and  Mlkawa  Bays. 


FIELD  DREDGING  TEST  (I)  AT  CHIBA  PORT 


Based  on  the  results  of  model  tests  conducted  in  1977  and  1978,  we  manu¬ 
factured  a  full-sized  drag  head,  equipped  a  trailing  hcppe?  suction  dredge 
with  this  head,  and  performed  a  field  test. 

The  four  factors  to  be  investigated  included: 

*  Dredging  characteristics  of  the  drag  head. 

*  F.ffects  of  mixing  blades,  a  stabilizer,  and  a  protector. 

*  Control  of  dredging  depth  of  the  drag  head. 

*  Occurrence  of  muddiness. 


Dredge 


The  dredge  used  in  this  test  was  a  trailing  hopper  suction  dredge 
"Tokushun  Maru  No.  1".  Main  specifications  of  "Tokushun  Maru  No.  1"  are  shown 
in  Table  1;  general  arrangement  is  shown  in  Figure  1. 

Test  Location 


Location  of  the  field  test  Is  shown  In  Figure  2.  The  dredging  area  was 
200  m  x  1000  m.  Depth  In  this  area  is  13  m  on  the  average  as  shown  in  Fig¬ 
ure  3,  and  an  Incline  is  only  0.5  0/00  In  the  direction  of  the  dredging  line. 
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Drag  Head 


An  outline  of  the  drag  head  used  in  this  test  is  shown  in  Figure  4.  The 
front  of  the  drag  head  was  a  rectangle,  breadth  B  -  2.3  m,  height  H  »  0.5  m, 

2 

and  area  A  -  1.15  r.  .*  A  screen  for  prevention  of  refuse  was  fixed  to  the 
front,  and  detachable  mixing  blades  440  mm  in  diameter  were  installed  in  the 


Figure  1.  General  arrangement 
Table  1.  Main  specifications  of  "Tokushun  Maru  No.  1" 
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Figure  4.  Drag  head 

drag  head.  A  detachable  stabilizer,  breadth  *  2.J  m  and  length  «  1,1  m,  and 
four  sets  of  detectors  for  soft  mud  surface  of  seabed  were  installed  on  the 
forefront  of  the  head.  Four  detachable  plates  400  nun  x  300  mm  were  attached 
on  the  sole  of  the  head. 

When  the  shape  of  the  head  was  selected,  the  area  and  the  ratio  of  breadth 
and  height  were  the  principal  factors.  Values  of  these  factors  were  based  on 
the  results  obtained  by  experiments  with  models,  and  we  had  to  decide  the  area 
of  the  front  of  the  head  first.  For  this  decision,  the  nondimensional  param¬ 
eter  V  was  an  important  factor.  It  was  supposed  that  blockade  of  the 
suction  pump  occurred  when  was  nearly  0.9.  Therefore,  ^=0.8  was  se¬ 

lected  as  the  design  value.  Other  parameters  were  set  up  as  shown  in  Table  2. 

Table  2.  Variables 


Variable  T 

V' 

Q 

0 

S 

Base  value  0.8 

3  kt 

8,000  m'Vhr 
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(1) 


The  area  of  the  front  of  the  head  could  then  be  calculated  from 


Q  /V 
o  s 


therefore 


An  -  1.15  On  ) 


Since  the  radio  of  breadth  to  height  does  not  severely  affect  the  perfor¬ 
mance  of  dredging,  the  height  was  designed  to  correspond  to  the  thickness  of 
the  Hedoro  sediment  H  =  0.5  m  (but  this  was  the  condition  in  1979,  and  now  we 
are  going  to  study  the  technique  of  the  thinner  dredging).  Consequently, 
breadth  B  was  2.3  m  and  the  racio  of  breadth  to  height  was  4.6. 

Figure  5  is  an  outline  of  the  mixing  blades.  These  blades  were  driven  by 

the  hydraulic  motor;  maximum  power  of  the  motor  was  86.5  Ps/300  rpm  and  was 

driven  by  the  hydraulic  unit  on  board.  A  hydraulic  circuit  is  shown  in  Figure  6. 


f* - 1 - - -  J 

Figure  5.  Mixing  blades  (rotor) 


Investigation  of  Hedoro  at  the  Location  of  the  Test 


The  investigation  is  outlined  as  follows: 

°  The  area  of  the  investigation  .  shown  in  Figure  3. 

°  Items  of  the  test  .  1  release  test:  cyanogen,  cadmium, 

sexivalent  chrome,  total  mercury, 
lead,  arsenic,  organic  phosphorus, 
PCB 

2  mud  quality:  PCB,  total  mercury 

3  physical  properties:  specific  gravity, 

grading,  water  content,  consistency 
(liquid  limit,  plastic  limit),  vane 
test  (undisturbed  sample,  disturbed 
sample) 

Results  of  the  investigation  are  as  follows: 

1  Release  test  .  all  items  were  nondetectable  (ND)  as  shown  in 

Table  3. 
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Table  3.  Results  of  release  test 


No.  1 


Alkyl  mercury  compound  ND 
Mercury  and  mercury  compound  ND 
Cadmium  and  cadmium  compound  ND 
Lead  and  lead  compound  ND 
Organic  phosphorus  compound  ND 
Sexivalent  chrome  compound  ND 
Arsenic  compound  N'D 
Cyanide  compound  ND 
PCB  ND 


Limit  of 

Sample  No.  Detection 


No.  2 

No.  3 

No .  4 
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ND 

ND 

ND 

0.003 

ND 

ND 

ND 
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ND 

ND 
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ND 
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ND 

ND 

ND 

0.5 

ND 
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ND 
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ND 

ND 

ND 
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Figure  6 .  Hydraulic  circuit 


2  Mud  quality 


shown  in  Table  4. 


Table  4.  Results  of  mud  quality  test 

"*  Limit  of 

_ Sample  No. _  Detection 

No .  1  No.  2  No .  3  No .  4  ppm 

Mercury  and  mercury  compound  1.10  0.96  0.93  0.79  0.01 

PCB  0.11  0.07  0.07  0.07  0.01 

3  Physical  properties  .  samples  of  tests  were  collected  from  the 

upper  layer,  middle  layer,  and  lower 
layer  of  seven  column  samples;  results  of 


the  tests 

are  shown  in 

Table  5. 

Table 

5.  Physical 

properties 

Upper  Layer 

Middle  Layer 

Lower  Laver 

Cobble  (Z) 

0.0 

0.0 

0.0 

Sand  (Z) 

11.2 

4.3 

3.0 

Silt  (Z) 

51.3 

56.5 

60.9 

Clay  (Z) 

37.5 

39.2 

36.1 

Liquid  limit  (Z) 

88.4 

81.6 

80.2 

Plastic  limit  (Z) 

53.2 

46.7 

45.1 

- 

Plasticity  index 

35.4 

34.9 

35.1 

IP 

> 

y 

V 

Specific  gravity 

2.664 

2.709 

2.733 

Water  content  (Z) 

340.7 

197.2 

182.4 

Vane  test  undisturbed 

9.07  x  10'4 

12.26  x  10'4 

17.00  x  10"4 

-4 

-4 

disturbed 

4.42  x  10 

4.88  x  10 

6.64  x  10 

Means  of  Test 

Parameters  of  this  test  are  as  follows: 

c  Velocity  of  the  ship  (Vg) 

°  Rate  of  flow  of  the  suction  pump  (Qq) 
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0  Thickness  of  dredging  (d  ) 

H 

°  Existence  of  the  mixing  blades 
°  Existence  of  the  stabilizer 

Cases  of  this  test  are  shown  in  Table  6.  Items  of  measurement  are  shown 

Table  6.  Cases  of  Experiment 
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in  Table  7.  Sounding  was  carried  out  at  two  places,  one  at  the  bridge  (No.  18 
in  Table  7)  used  for  measurement  of  the  depth  of  dredging,  and  the  other  at 
the  upper  deck  used  for  measurement  of  the  trace  of  dredging.  Water  sampling 
pumps  were  fixed  at  the  middle  of  the  drag  arm  and  at  the  drag  head,  one  set 
of  the  submergible  pumps  at  every  two  positions.  Water  was  pumped  up  to  the 
upper  deck  continuously  and  sampled  properly.  Measuring  locations  are  shown 
in  Figure  7  (numbers  in  Figure  7  correspond  with  those  in  Table  7). 


Table  7.  Items  of  measurement 


No.* 

Items 

Means 

Location 

Note 

1 

Draught 

Draught  meter 

Bridge 

Continuously 

2 

Water  level  of  hopper 

Float 

Hopper 

At  intervals 

of 

3 

Depth  of  the  drag 

Pressure  transducer 

Upper  deck 

1  minute 
Continuously 

4 

head 

Pressure  of  the  swell 

Pressure  gauge 

Bridge 

At  intervals 

of 

5 

compensator 
Displacement  of  the 

Potentic  meter 

Upper  deck 

15  seconds 
Continuously 

6 

swell  compensator 
Rolling  of  the  vessel 

Rolling  meter 

Bridge 

Continuously 

7 

Rate  of  flow 

Electro-magnetic 

Bridge 

Continuously 

8 

Density 

flow  meter 

Isotope  density 

Bridge 

Continuously 

9 

Suction  pressure 

meter 

Differential  pres- 

Pump  room 

Continuously 

10 

Discharge  pressure 

sure  transducer 
Pressure  tranducer 

Pump  room 

Continuously 

11 

Number  of 

Tachograph 

Bridge 

At  intervals 

of 

12 

revolutions 
Electric  current 

Ampere-meter 

Bridge 

15  seconds 
At  intervals 

of 

13 

Density  at  trough 

Water  bottle 

Upper  deck 

15  seconds 
Once  per  one 

run 

14 

Turbidity  iround  the 

Submergible  pump 

Upper  deck 

Twice  per  one 

run 

15 

drag  head 

Turbidity  around  the 

Submergible  pump 

Upper  deck 

Twice  per  one 

run 

16 

drag  arm 

Turbidity  in  background 

Turbidimeter 

Upper  deck 

Continuously 

17 

Position  of  the  vessel 

Electric  position- 

Bridge 

Continuously 

18 

19 

Sounding  (1) 

Sounding  (2) 

ing  equipment 

Echo  sounder 

Echo  sounder 

Bridge 

Upper  deck 

200  kHz 

20 

Sampling  of  Hedcro 

Bottom  sampler 

Hopper 

Once  per  one 

run 

21 

Hedoro  layer 

Detector 

Upper  deck 

Continuously 

*  Numbers  correspond  to  Figure  7. 
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Figure  7.  Locations  of  measurement 

The  term  of  tests  was  from  1  October  1979  to  6  October  1979.  When  con¬ 
sidering  a  time  schedule,  we  calculated  the  time  required  for  each  case  on 
the  basis  of  the  volume  of  dredging  soil,  and  considered  a  time  schedule  to 
manage  cases  of  tests  properly. 

The  time  required  per  one  case  (which  equals  four  runs)  is 


°  Net  dredging  time  .....  about  25  min/4  runs 

0  Turning  time  .  about  45  min/3  turns 

0  Sailing  time  .  distance  10  km,  velocity  10  kt,  therefore, 

about  65  min/round  trip 

°  Dumping  time  .  about  25  min 


The  sum  total  is  160  min. 

Consequently,  the  time  schedule  was  planned  as  in  Table  8  (1), 
and  the  time  schedule  was  carried  out  as  in  Table  8  (2). 

Results  of  Test 


Marine  and  Meteorological  Conditions 


Before  and  after  this 
but  it  was  calm  during  the 
hindrance.  Meteorological 


field  test,  Tokyo  Bay  was  struck  by  a  typhoon, 
test.  Therefore,  the  test  was  conducted  without 
conditions  are  shown  in  Table  9. 
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Oct. 6  I  Preparation 


Table  9.  Meteorological  conditions 


Date 

Time 

Wind 

Direction 

m/ s 

Weather 

Atmospheric 
Pressure  (mb) 

Temperature 

(°C) 

8:00 

SE 

5 

clear 

992.0 

28.0 

10.1 

12:00 

SE 

5 

clear 

995.0 

28.0 

16:00 

SE 

5 

clear 

997.5 

27.0 

8:00 

ENE 

7 

cloudy 

1005.0 

24.0 

10.2 

12:00 

ENE 

9 

rainy 

1007.5 

22.0 

16:00 

ENE 

8 

cloudy 

10^8.0 

22.0 

8:00 

NNW 

10 

rainy 

1008.5 

18.5 

10.3 

12:00 

N 

5 

cloudy 

1007.0 

19.5 

16:00 

NNE 

8 

cloudy 

1005.5 

21.0 

8:00 

N 

4 

cloudy 

1001.5 

20.0 

10.4 

12:00 

N 

3 

cloudy 

998.5 

23.5 

16:00 

N 

2 

cloudy 

996.5 

23.5 

8:00 

N 

5 

cloudy 

1001.0 

20.0 

10.5 

12:00 

NNE 

5 

cloudy 

1002.0 

23.0 

16:00 

NE 

7 

cloudy 

1002.0 

25.0 

8:00 

NE 

4 

rainy 

1007.0 

18.0 

10.6 

12:00 

NNW 

8 

rainy 

1009.0 

17.5 

Bottom  Soil  Condition 

Soil  conditions  were  investigated  before  the  field  test  and  the  dredged 
soil  was  sampled  from  the  hopper  of  the  dredge  during  the  field  test.  A 
grain-size  distribution  curve  made  from  this  sample  is  shown  in  Figure  8; 
the  specific  gravity  of  the  soil  particles  was  2.63,  a  flow  factor  curve 
is  shown  in  Figure  9. 

Results  of  Field  Dredging  Test 

Results  of  the  test  are  shewn  in  Table  10.  These  values  are  mean  values 
during  one  case  of  the  test.  The  contents  of  each  data  are  as  follows. 

Furrows  and  velocity  of  the  dredge.  Furrows  during  dredging  tests  were 
obtained  from  electric  positioning  equipment  and  are  shown  in  Figure  16. 
Velocity  of  the  dredge,  which  was  obtained  through  calculating  positions  of 
the  dredge,  had  a  mean  value  for  10  sec. 

Depth  and  thickness  of  dredging.  Thickness  of  dredging  was  obtained  from 
a  difference  between  depth  of  the  head  and  water  depth.  Water  depth  was 
measured  by  an  echo  sounder  and  depth  of  the  drag  head  was  measured  by  a  pres¬ 
sure  gauge  on  top  of  the  drag  head. 
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Table  10.  Results 
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Figure  10.  Furrows 

After  dredging  started,  thickness  of  dredging  increased  with  increased 
water  depth.  Therefore,  in  this  test  we  took  the  changes  in  draught  and  the 
pressure  of  a  soft  mud  seabed  surface  into  account,  and  operated  the  drag- 
head-winch  in  a  manner  to  maintain  the  planned  thickness  of  dredging. 

Discharge  of  the  suction  pump  at  water  supply.  Actual  head  of  a  pump 
changes  with  a  change  in  draught;  this  change  is  accompanied  by  a  discharge  of 
the  suction  pump.  Results  of  the  discharge  of  the  suction  pump  measured  at 
the  field  test  are  shown  in  Figure  11. 

Density  and  rate  of  flow.  Density  of  slurry  in  the  pipe  was  measured  by 
-he  isotope  type  density  meter;  rate  of  flow  of  slurry  in  the  pipe  was  mea¬ 
sured  by  the  electromagnetic  flow  meter.  These  results  are  shown  In  Figure  12. 

Ana  lysis  of  the  Results 

Density  and  Decline  of  Discharge 

'Dens  fry  and  discharge  flow  rate  are  inversely  proportional  to  each  other 
anil  are  determined  by  soil  condition,  characteristics  of  the  pump,  and  state 
ot  dredging.  Figure  13  shows  the  tendency  of  a  decline  of  a  discharge  flow 
rate  with  an  increase  of  density.  [n  the  California  type  drag  head  used  for 
sandy  soil,  this  decline  of  discharge  has  a  tendency  to  be  linear,  ana  does 
not  decline  hastily  as  in  the  fieid  test.  This  results  from  the  additional 
resistance  caused  by  ar,  increase  of  density  when  a  dra?  head  is  burled  in  soft 
mud  as  in  this  test.  From  Figure  13,  an  equation  with  respect  to  a  decline  of 
discharge  becomes 


Q  /Q  -  1  -  10.3  C 
m  o  v 


1.55 
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Figure  11.  Discharge  of  the  suction  pump 
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Figure  12.  Continuous  data 
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Figure  13.  Race  of  flow  and  density 


On  the  other  hand,  quantity  of  solids  dredged  per  unit  time  is  written  as 

c„  *  c»  •  \  <3> 

using  Eq.  2,  Eq.  3  is  expressed  as 


G  /Q  -  C  (1-10.3  C 
s  o  V  V 


1.55 


(4) 


and  then  Eq.  4  is  shown  in  Figure  14.  From  this  equation,  quantity  of  solids 
dredged  per  unit  time  has  the  maximum  value  when  density  is  12. 1Z ,  and 
quantity  of  solids  dredged  per  unit  time  cannot  be  expected  to  increase  over 
this  density.  This  trend  is  confirmed  in  Figures  15  and  16. 


Figure  14.  and  quancity  of  solids  dredged  per  unit  time 
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Figure  15.  Density  and  quantity  of  solids 
dredged  per  unit  time 


Figure  16.  Density  and  quantity  of  solids 
dredged  per  unit  time 
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Conditions  of  Operation  and  Density 


In  the  model  experiments  C showed  a  comparatively  large  value  at  the 

smaller  T  and  an  increase  in  C  became  less  at  the  larger  V  .  But  it 
o  v  o 

was  found  in  this  experiment  that  C increased  linearly  up  to  =  0.8  as 


shown  in  Figure  17. 


W  =  220%,  Y  =  2.63,  Y  =  1.025 
n  s  w 

then  C  becomes, 
a 

C  =  6.64  C 
a  v 

Therefore,  we  obtain  the  following  equation  by  substituting  Eq.  5  into 
Eq.  7: 


(7) 


C  =  1.13  V  (7') 

a  o 

Figure  18  shows  a  relation  between  and  V  .  This  expresses  that  Hedoro  was 
dredged  at  fairly  high  density  when  V  was  large. 
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Figure  18.  C  and  Y 
a  o 

Effect  of  Mixing  Blades  and  Horizontal  Stabilizer 

] 

Both  the  mixing  blades  and  the  horizontal  stabilizer  increased  the  added 
resistance  when  the  drag  head  was  not  bufied,  but  when  it  was  buried  mixing 
blades  caused  a  decrease  in  resistance.  This  suggests  that  mixing  blades  can 
improve  the  blockage  condition  of  the  drag  head. 

I 

It  is  important  to  note  that  liquid4ty  of  Hedoro  in  this  test  area  was 
too  low  to  have  a  flow  factor  but  the  blockage,  which  occurred  in  the  model 
experiments,  did  not  occur.  Because  the  blockage  did  not  occur,  the  ratio  of 
the  cross-sectional  area  of  the  suction  {}ipe  of  the  drag  arm  to  that  of  the 
inlet  of  the  drag  head  was  remarkably  improved.  It  is  important  that  the 
proportion  of  a  geometrical  shape  of  a  ditag  head  be  well  balanced. 

Change  of  Quantity  of  Solids  Dredged 
per  Unit  Time  and  Remnant  of  Dredging  Soill 

The  quantity  of  solids  dredged  per  unit  time  is  fixed  by  the  combination 
of  a  decrease  of  the  rate  of  flow  and  increase  of  density;  therefore,  Eq.  3  is 
rewritten  as 


and  substituting  Eq.  2  and  Eq.  5  into  this  equation,  we  obtain 

G  /Q  *  0.17  Y  (1  -  0.661  Y  K55)  (8) 

3  0  0  0 
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Therefore,  quantity  of  solids  dredged  per  unit  time  has  the  maximum  at 
¥  =  0.714.  This  result  indicates  that  production  of  the  dredge  is  optimized 

at  this  point. 

Another  factor  is  the  amount  of  material  presented  to  the  drag  head  that 
is  not  removed.  Now  taking  the  ratio  of  quantity  of  Hedoro  forcibly  sent  into 
the  head  to  quantity  of  Hedoro  actually  dredged,  we  make  it  1/c  as 

1/e  "  «IH  *  V  ''  (Cv  ‘  V  (9) 

From  W  =  220%,  Chen  =  0.15,  and  arranging  experimental  data,  we  obtain 
Figure  19.  Judging  from  this  figure,  we  find  that  the  drag  head  cannot  remove 
all  the  material  presented  to  it  when  C  is  greater  than  0.4.  It  is  neces¬ 
sary  for  us  to  investigate  how  this  remanant  affects  the  appearance  of 
muddiness . 


r. 


Figure  19.  t  and  4* 

Depch  Control  of  Dredging 

Depth  of  dredging  is  usually  controlled  by  a  swell  compensator.  The  drag 
head  follows  the  sea  bottom  by  controlling  air  pressure  of  the  swell  compensator, 
using  bearing  capacity.  3ut  we  could  not  expect  bearing  capacity  of  Hedoro  in 
this  test  and  many  unknown  factors  existed  such  as  buoyancy  and  bearing 
capacity  acting  upon  the  bottom  plate  of  the  drag  head  when  the  drag  head 
was  buried,  etc.  Therefore,  we  decided  to  control  the  depth  of  dredging  by 
winch  operation  instead  of  swell  compensator.. 

In  this  test,  we  first  measured  the  water  depth  with  the  echo  sounder; 
second,  we  set  up  the  position  of  the  drag  head  by  adding  thickness  of  dredging 
to  the  depth;  and,  third,  we  wound  and  rewound  the  winch  properly  by  considering 
continuous  measuring  data  on  dredging  conditions  (for  example,  water  depth, 
draught,  density,  and  detector  for  soft  mud  seabed  surface).  These  results  are 
shown  in  Figure  2G.  The  example  without  winding  the  winch  is  shown  in  Fig¬ 
ure  21,  when  the  drag  head  was  buried. 
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This  operating  method  is  practical  where  the  sea  bottom  has  gentle  undula¬ 
tions  as  in  this  test,  but  when  the  sea  bottom  has  ragged  undulations,  it  is 
very  difficult  to  follow  the  sea  bottom  by  hand  operation  of  the  winch.  There¬ 
fore,  it  is  necessary  to  establish  a  technique  for  automatic  operation. 


\ 


Turbidity  Caused  by  Dredging 

All  samples  taken  by  the  submergible  pump  at  the  middle  of  the  drag  arm  had 
suspended  solids  (SS)  values  under  15  mg/ 2.  and  turbidity  was  nonexistent. 

Samples  taken  by  the  submergible  pump  at  the  drag  head  had  SS  values  mostly 
under  10  mg/ 9  ,  but  a  few  of  the  samples  showed  considerably  higher  values. 

Table  11  shows  SS  density  values  recorded  over  30  mg /l. 
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Table  11.  Examples  of  turbidity 


SS 

Sampling 

Time 

Up  or 

Winching 

Time 

dH 

V 

s 

Test  No. 

(mg / i) 

M 

S 

Down 

M 

S 

(m  ) 

(kt) 

T  5-4 

130 

1 

00 

+ 

1 

00 

0.46  . 

3.63 

T  6-2 

600 

3 

00 

t 

3 

00 

0.52 

3.59 

T  6-3 

2500 

2 

30 

+ 

2 

30 

0.48 

2.93 

T  6-4 

8400 

2 

30 

f 

2 

30 

0.61 

3.67 

4600 

1 

00 

— 

— 

T  9-2 

6300 

3 

00 

+ 

2 

40 

0.53 

3.65 

320 

5 

00 

+ 

5 

20 

T  9-4 

300 

2 

30 

t 

2 

30 

0.50 

3.40 

T12-4 

40-60 

— 

— 

0.49 

3.53 

3400 

2 

30 

t 

2 

30 

T13-2 

1300 

4 

30 

f 

5 

00 

0.58 

3.94 

From  Table  11  it  can  be  said  that: 

a.  Very  high  SS  occurrences  coincided  with  operation  of  the  winch. 

b.  High  SS  occurred  only  when  the  thickness  of  dredging  was  over  0.5  m 
(the  drag  head  was  buried)  and  speed  of  the  ship  was  high. 

Judging  from  these  trends,  it  is  possible  that,  when  the  dredging  parameter 
is  large,  the  remnant  of  dredging  soil  occurs  in  front  of  the  drag  head, 

rises  up  on  the  upper  surface  of  the  drag  head,  and  is  diffused  by  the  winding 
operation  of  the  winch. 

Detector  for  Soft  Mud  Seabed  Surface 

In  this  test,  we  manufactured  detectors  for  soft  mud  seabed  surface  by 
measuring  attenuation  of  an  ultrasonic  wave.  Four  pairs  of  transducers  were 
used,  of  which  one  pair  consisted  of  a  transmitter  and  a  receiving  oscillator 
1  m  distant  from  each  ocher.  Attenuation  of  an  ultrasonic  wave  between 
a  transmitter  and  a  receiving  oscillator  was  continuously  measured,  and  from 
the  data  of  attenuation  we  detected  the  existence  of  soft  mud.  A  receiving 
level  does  not  actually  change  linearly  between  two  neighboring  pairs,  but 
we  simplified  as  in  Figure  22  to  calculate  linearly.  Figure  23  shows  the  com¬ 
parison  between  the  result  of  the  above  calculation  and  that  of  the  depth  of 
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Figure  22.  Method  of  calculation 

the  drag  head.  From  these  results,  the  detector  showed  the  wrong  information 
when  V  was  large  (velocity  of  the  ship  had  an  important  effect  in  this  case) , 
because  a  soft  mud  surface  in  front  of  the  drag  head  was  built  from  the  un¬ 
entrained  soil  and  turbidity  appeared.  But  when  the  ship  (dredge)  sailed 
slowly,  the  detector  showed  the  comparatively  correct  information. 

Remaining  Tasks 

Dredging  Performance  Near  Blockage  Boundary 

We  could  not  obtain  the  characteristics  near  the  blockage  boundary  from 
the  condition  of  this  test.  So  we  could  not  confirm  whether  or  not  the 
characteristics  obtained  from  the  model  experiments  could  be  applied  to  a 
full-sized  drag  head.  Therefore,  an  experiment  in  Hedoro  of  low  water  content 
is  needed. 

State  of  Turbidity 

We  sampled  water  by  a  submergible  pump  installed  upon  the  drag  head  in 
order  to  measure  turbidity  around  the  drag  head.  This  revealed  the  basic 
characteristics  of  turbidity,  but  it  was  impossible  to  analyze  the  distribu¬ 
tion  of  sediment  resuspension  and  the  mechanism  of  occurrence  of  turbidity 
quantitatively.  Therefore,  it  is  necessary  to  conduct  experiments  using  many 
water  sampling  pumps  and  TV  cameras,  etc.,  to  analyze  and  observe  the  state  of 
turbidity. 
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FIELD  DREDGING  TEST  (II)  AT  NAGOYA  PORT 


A  field  dredging  cesc  at  Nagoya  Port  by  the  trailing  hopper  suction  dredge 
"Seiryu  Maru"  was  carried  out  in  February  1981,  following  the  field  dredging 
test  (1)  in  1979. 

The  factors  investigated  in  this  test  were  fundamentally  the  same  as 
that  of  the  test  in  1979,  but  since  we  manufactured  a  new  drag  head  for 
"Seiryu  Maru"  use,  the  factors  are  arranged  as  follows: 

0  Characteristics  of  dredging  by  "Seiryu  Maru" 

0  Characteristics  of  dredging  of  Hedoro  in  low  water  content 


Dredge 

The  dredge  used  in  this  test  was  the  trailing  hopper  suction  dredge 
"Seiryu  Maru";  main  specifications  are  shown  in  Table  12. 

Table  12.  Main  specifications  of  "Seiryu  Maru" 


Overall  length 

94.9  m 

Maximum  speed 

13.3 

kt 

Lp.p. 

88.0  m 

Dredging  speed 

6.33 

kt 

Breadth 

16.0  m 

Main  engine  3000PS  x  400  rpm  x  2 

Depth 

7.2  m 

T. 

Dredging  pump  410Cm~ /hr  x  17  m  x 

450KW  x  2 

Draught 

5.6 

Drag  arm  620  mmd  side  drag  type 

Gross  tonnage 

3526  GT 

Swell  compensator 

Dead  weight  capacity  3202  t^ 
Hopper  capacity  1754  m 

Max.  depth  of  dredging  22  m 

Bow  thruster  c.p.  propeller 

300KW  x  t 

Test  Location 

Location  of  this  field  test  is  shown  in  Figure  24.  The  dredging  area  was 
200  m  x  780  m. 

The  sea  bottom  in  this  area  was  sounded  before  dredging.  A  part  of  the 
depth  is  shown  in  Figure  25.  The  sea  bottom  in  this  area  is  considerably 
uneven  due  to  previous  dredging. 
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Figure  24.  Location  of  the  test 


Drag  Head 


An  outline  of  the  drag  head  used  in  this  test  is  shown  in  Figure  26.  It 
is  a  front  open  type  with  the  front  of  the  drag  head  shaped  in  a  rectangle, 
breadth  B  *  1.8  m,  height  H  *  0.4  m.  Fundamentally,  this  is  the  same  structure 
as  that  of  "Tokushun  Maru." 


Bottom  Soil  Conditions 

The  fluidity  of  the  bottom  was  so  low  that  the  soil  could  not  flow  out  by 
its  ovn  dea  '  load  at  the  flow  test;  i.e.,  the  flow  factor  was  infinite. 
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Grain-size  distribution  of  the  soil,  which  was  sampled  from  the  inside 
of  the  hopper  after  dredging,  is  shown  in  Figure  27.  The  specific  gravity  of 
soil  particles  was  2.60. 
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Figure  27.  Grain-size  distribution 

Means  of  Test 


Table  13  shews  items  of  measurement.  A  detector  for  soft  mud  seabed 
surface  was  sec  in  front  of  the  drag  head,  a  signal  was  amplified  in  the  relay 
room  near  the  drag  arm  trunnion,  and  output  was  simultaneously  recorded  by  the 
data  recorder  in  the  bridge.  Two  water  sampling  pumps  were  fixed  at  the  drag 
head,  and  one  was  at  the  middle  of  the  drag  arm.  Measuring  locations  are 
shown  in  Figure  28. 

Results  and  Analysis  of  Test 

ries'i  1 1  s 


In  this  test,  the  seabed  was  so  uneven  that  it  was  very  difficult  to  set 
up  the  depth  of  the  drag  head.  We  calculated  the  position  of  the  drag  head 
from  the  position  and  direction  of  the  ship,  and  obtained  the  depth  of  the 
seabed  hy  collating  the  position  of  the  drag  head  with  a  sounding  chart.  Where 
tiie  depth  of  the  seabed,  obtained  as  stated  above,  is  and  the  depth  of 

the  sole  of  the  drag  head  is  S  ,  the  relation  to  the  thickness  of  dredging 

d(J  is  shown  in  Figure  29  and  is  written: 


d 


H 


SDH  *  SDR 


(10) 


Ma  ru 

J  \  ) 

piJ’Tp 


To  obtain  the  characteristics  of  the  dredging  pump  installed  in  "Seiryu 
11  we  conducted  a  water  supplying  test  and  measured  rate  of  water  flow 
The  relation  between  Q  and  Che  distance  from  the  water  surface  to  the 
!>r  is  shown  in  Figure  30.  Table  14  shows  the  results  of  this  test. 
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Table  13.  Items  of  measurement 


No. 

1 

*  Items 

Depth  of  the  drag  head 

Location 

Drag  head 

Means 

Pressure  transducer 

Note 

2 

Suction  pressure 

Inlet  of  pump 

Pressure  transducer 

3 

Discharge  pressure 

Outlet  of  pump 

Pressure  transducer 

Continuously 

4 

Rolling  of  the  vessel 

Upper  deck 

Differential  pres- 

sure  transducer 

5 

Hedoro  layer 

Inlet  of  head 

Detector 

6 

Rate  of  flow 

Outlet  of  pump 

Electromagnetic 

flow  meter 

Continuously 

7 

Density 

Outlet  of  pump 

Density  meter 

8 

Turbidity  around  head 

Upon  head 

Submergible  pump 

9 

Turbidity  around  head 

Upon  head 

Submergible  pump 

Several  times 

10 

Turbidity  in 
background 

Drag  arm 

Submergible  pump 

per  one  run 

11 

Hedoro  sampling 

Open  trough 

Sampling  valve 

12 

Water  level  of  hopper 

Hopper 

Float 

Several  times 

per  one  run 

1-3 

Hedoro  sampling 

Hopper 

Ekman  barge 

14 

Draught 

Bridge 

Draught  meter 

15 

Depth  of  drag  head 

Bridge 

Air  barge 

At  intervals 

of  30  seconds 

16 

Velocity  of  the  vessel 

Bridge 

Doppler  log 

17 

Position  (Ra.Rb) 

Bridge 

Electric  position- 

At  Intervals 

ing  equipment 

of  10  seconds 

18 

Depth  of  dredging 

Bridge 

Echo  sounder 

Continuously 

19 

Rate  of  flow  and 
density 

Bridge 

Electromagnetic 

At  intervals 

flow  meter  and 
density  meter 

of  30  seconds 

20 

Suction,  discharge 

Bridge 

Bourdon  pressure 

gauge 

21 

Muddiness  in  test  area 

Turbid imeter 

At  intervals 

Craft 

of  10  minutes 

22 

Water  sampling 

Water  sampler 

At  intervals 

of  60  minutes 
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Changes  of  Dredging  Characteristics 

Since  the  drag  head  could  not  follow  the  rolling  s'  t  bottom  in  this 
test,  the  thickness  of  dredging  changed  on  a  large  scale.  Therefore,  we 
cannot  discuss  che  average  dredging  characteristics.  Instead,  we  can  discuss 
changes  in  che  dredging  characteristics. 

An  example  of  the  relation  between  the  sea  bottom  and  the  depth  of  the 
drag  head  is  shown  in  Figure  31.  Generally,  the  drag  head  could  maintain 
stability  while  following  che  gentle  unevenness  of  the  sea  bottom;  however, 
once  the  drag  head  got  stuck  in  the  mud  of  the  sea  bottom  because  of  che 
roughness  of  the  bottom,  it  took  a  long  cime  to  return  to  the  stable  condi¬ 
tion.  This  was  especially  true  for  low  water  content.  T2-3  in  Figure  31  is 
an  example  of  this  phenomenon. 

As  for  the  relation  between  the  control  of  the  drag  head  and  che  bearing 
capacity  of  the  bottom  sediments  (Hedoro)  ,  in  spite  of  setting  the  pressure  of 

2 

the  swell  compensator  for  a  maximum  of  15  kg/cm  and  with  Hedoro  being  com¬ 
paratively  hard,  the  swell  compensator  operated  only  under  the  condition  of 
the  drag  head  getting  into  Hedoro  of  60  -  70  cm.  It  is  necessary  to  install 
a  suitable  stabilizer  (one  which  is  suited  to  the  bearing  capacity  of  Hedoro), 
and  to  control  the  depth  of  the  drag  head.  When  the  water  content  is  more 
than  250  -  300%,  the  stabilizer,  which  is  suited  to  the  bearing  capacity  of 
Hedoro,  becomes  an  unrealistic  size;  in  this  case  the  drag  head  without  a 
stabilizer  can  obtain  better  results. 
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The  relations  among  thickness  of  dredging,  density,  and  rate  of  flow  are 
shown  in  Figure  32.  Since  they  are  arranged  by  the  mean  value,  data  are  con¬ 
siderably  scattered  about,  but  the  trend  coincides  with  the  results  obtained 
before.  To  watch  this  as  the  relation  to  the  dredging  parameter,  we  obtain 
Figure  33.  From  this  figure,  the  dredging  boundary  of  this  test  is  the  point 

of  f  «  0.6  -  0.65  ,  which  is  at  a  lower  level  than  that  of  the  1979  test, 
o 

In  the  California  type  drag  head,  the  drag  head  touched  the  sea  bottom 
widely  and  dredged  soft  mud  which  was  diluted  by  surrounding  water.  The  swell 
compensator  operated  effectively,  but  the  density  showed  a  downward  trend. 

Detector  for  Soft  Mud  Seabed  Surface 

It  was  confirmed  that  the  detector  for  soft  mud  seabed  surface  operated 
effectively  to  grasp  the  relative  relation  between  the  drag  head  and  the  sea 
bottom  on  dredging.  But  the  detector  sometimes  stopped  the  function  by 
adherence  of  soft  mud,  so  it  is  necessary  to  devise  a  method  to  avoid  adherence 
of  soft  mud. 

Turbidif  Caused  by  Dredging 

Since  we  had  a  lot  of  unentrained  soil  in  this  test,  we  saw  a  con¬ 
siderably  high  level  of  SS  (suspended  solids).  Figure  34  shows  the  relation 
between  the  thickness  of  dredging  and  turbidity.  We  could  not  obtain  a 
definite  connection  with  the  condition  of  dredging  in  this  test. 


FIELD  DREDGING  TEST  (III)  AT  MIKAWA  PORT 


A  field  dredging  test  by  "Seiryu  Maru"  was  carried  out  at  Mikawa  Port, 
following  the  FY  1980  test.  In  order  to  improve  operational  performance,  we 
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Figure  34.  Thickness  of  dredging  and  turbidity 

enlarged  the  stabilizer  and  reconstructed  the  drag  head  to  control  posture 
of  the  drag  head  by  varying  the  angle  of  dredging. 

Improvement  of  the  operational  performance  of  the  Hedoro  dredging 
system  for  practical  use  was  the  object  of  this  test.  The  factors. to  be 
investigated  in  this  test  are  as  follows: 

°  Characteristics  of  dredging 

°  Automatic  motion  by  means  of  the  stabilizer  and  the  swell  compensator 
0  Relation  between  the  posture  of  the  drag  head  and  the  dredging 
pe  r  f ormance 

°  Turbidity  by  dredging 
Dredge 

The  dredge  used  in  this  test  was  the  same  trailing  hopper  suction 
aredge  "Seiryu  Maru."  Main  specifications  are  shown  in  Table  12. 


Test  Locat ion 


Location  of  this  field  test  is  shown  in  Figure  33. 


Figure  35.  Location  of  the  test 


Drag  Head 

An  outline  of  the  drag  head  used  in  this  test  is  shown  in  Figure  36. 

This  drag  head,  which  was  manufactured  by  reconstructing  the  drag  head  used  in 
FY  1970,  had  the  same  rectangular  shape  of  breadth,  B  *  1  8  m,  and  height, 

H  =*  0.4  m. 


Improvements  of  the  drag  head  for  this  field  test  were  as  follows: 

2 

a.  Installed  a  stabilizer  of  7.0  m  . 

b.  Made  the  bending  part  of  the  drag  head  movable  in  order  to  control 
the  angle  of  dredging. 

Bottom  Soil  Conditions 


Locations  and  results  of  the  soil  test,  which  was  carried  out  before  the 
dredging  cest,  are  shown  in  Figure  37  and  Table  15.  Grain-size  distribution 
of  the  soil,  which  was  sampled  from  the  inside  of  the  hopper  after  dredging, 
is  shown  in  Figure  38.  Specific  gravity  of  soil  particles  was  2.58. 

Means  of  Test 

items  of  measurement  are  shown  in  Table  16,  and  locations  of  measurement 
are  shown  in  Figure  39. 
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Figure  36.  Drag  head 


Buoy  No5 


Figure  37.  Locations  of  the  soil  test 


Table  15.  Results  of  the  soil  test 


Sampling 

No. 

Depth  (m) 

u 

0.1 

-  0.3 

No.  1 

m 

0.4 

-  0.6 

i 

0.7 

-  0.9 

u 

0.1 

-  0.3 

No.  2 

m 

0.4 

-  0.6 

i 

0.7 

-  0.9 

u 

0.1 

-  0.3 

No.  3 

m 

0.4 

-  0.6 

i 

0.7 

-  0.9 

u 

0.1 

-  0.3 

No .  4 

m 

0.4 

-  0.6 

i 

0.7 

-  0.9 

Specific 

Gravity 

Water  Content 

2.609 

271.3 

2.649 

176.4 

2.670 

132.5 

2.626 

231.3 

2.664 

199.8 

2.674 

185.9 

2.682 

2C0.1 

2.644 

194.3 

2.678 

143.7 

2.640 

187.4 

2.664 

154.7 

2.663 

127.3 

u:upper  layer 
m:middle  layer 
l:lower  layer 
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Figure  38.  Grain-size  distribution 


igurs  39.  Locations  of  measurement 


Tabla  16.  Icmu  of  Mturrami 


no .  ■ 
1 
2 

3 

4 

5 

b 

7 

« 

9 

10 

'1 

12 

13 

14 

15 
1* 

17 

1* 

19 

20 
21 

22 

23 

24 


i  terns 

Location 

naans 

Note 

Depth  of  the  drag  heed 

Hedoro  layer 

Drag  head 

Praasura  tranaaucar 

Datactor 

Cont inuously 

Turbidity  around  drag  head 

Submergible  pump 
per  one  rue 

Savaral.  tlaaa 

Depth  of  the  n««  bottom 

Echo  sounder 

Continuously 

Depch  of  the  middle  of  the  drag 

PrMiura  trsflsdvcar 

Savaral  tlaaa 

arm 

per  one  run 

Turbidity  in  the  background 

Depth  of  the  end  of  the  drag  ara 

Suction  pressure  of  p*mp 

Discharge  pressure  ot  puep 

Rate  of  flow 

Inlet  of  puep 

Out  let  of  puep 

Submergible  pump 

Pressure  transducer 

Electromagnetic  flow  meter 

Continuously 

Dana  Icy 

Sana  tty  aatar 

Hedoro  sampling 

Open  trough 

Seep ling  valve 
pe  r  one  rum 

Several  times 

Water  level  of  the  hopper 

Hedoro  sampling 

Hopper 

Float 

Ucman  barge 

Di *p t .ic  ament  of  swell  compensator 

Swell  compensator 

Potent  iooeter 

Cont Inuously 

Draught 

Bridge 

Draught  meter 
of  30  seconds 

Ac  intervals 

Depth  of  the  drag  head 

Air  barge 

Velocity  of  the  ah  Ip 

Doppler  log 

Position  Ota.Bb) 

Electric  positioning  squlp. 

Thickness  of  dredging 

Echo  sounder 

Continuously 

Rate  of  flow  density 

Suction  pressure*  etc. 

Elactrusuagnatle  flow  aatar 

4  danaity  aatar 

Bourdon  praaaara  gsuga 

At  intervals  ol 
10  seconds 

Turbidity  in  th«  Cast  area 

Craft 

Ttirbldlantsr 

10  atnutaa 

Water  sampling  tn  the  test  aree 

Weter  sampler 

A0  minutes 

Number*  cor r**Hpnd  Co  Figure  39. 


Results  and  Analysis  of  Test 


Marine  and  Meteorological  Conditions 

Meteorological  conditions  (Table  17),  were  generally  good;  marine  condi¬ 
tions  were  also  good. 

Table  17.  Meteorological  conditions 


Date 

T  ime 

Wind 

Direction 

Speed 

(m/s) 

Wea  the  r 

8/24 

12:00 

E 

3 

Clear 

8/25 

12:00 

E 

5 

Cloudy 

8/26 

12:00 

sw 

4 

Cloudy 

8/29 

12:00 

SE 

7 

Cloudy 

8/28 

12:00 

w 

3 

Cloudy 

Temperature 

(C) 

Humidity 

(2) 

Atmospheric 
Press,  (mb) 

26 

58 

1002 

26 

75 

1010 

26 

90 

1005 

28 

74 

1004 

24 

82 

1009 

Results 

The  result  of  the  wacer  supplying  test  is  shown  in  Figure  40.  Table  18 
lists  all  the  results  of  this  field  dredging  test.  Since  T-15  in  Table  18  is 
the  result  of  the  California  type  drag  head  and  the  bases  are  different, 
analysis  of  the  relation  between  T-13  and  other  cases  is  meaningless;  there¬ 
fore,  we  did  not  examine  these  results.  Water  content  of  the  soil,  which  was 
used  in  the  analysis  of  Che  Cest  data,  is  obtained  from  Table  15. 

W  -  220 Z 
n 

This  is  the  mean  value  of  the  water  content  of  the  soil  at  a  depth  of  0.2  m. 
Dredging  Characteristics 

Dredging  characteristics  are  determined  by  taking  that  of  the  drag  head 
without  a  itabilizer  for  the  basis.  A  downward  trend  of  the  rate  of  flow 
becomes  Figure  41.  This  is  express- 1  by  the  following  empirical  formula: 

'  /Q  »  1  -  4.59  C1,3  (11) 

m  o  v 

The  broken  line  in  Fig  re  41  expresses  the  data  of  the  usual  fine  sand 
dredging  test.  The  rate  of  flow  of  this  test  drops  well  as  compared  with 
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Figure  40.  Water  supplying  test 

that  of  the  fine  sand  dredging  test.  The  following  equation  expresses  the 
quantity  of  solids  dredged  per  unit  time: 

0  /Q  *  6.534  C  1  -  4.59  C1'3  (12) 

S  O  V  V 

To  differentiate  Equation  12,  the  quantity  of  solids  dredged  per  unit  time 
becomes  maximum  at  the  density  of  16. 3Z.  But  the  natural  density  of  the  soil 
(Hedoro)  in  the  seabed  was  only  15. 3Z,  so  the  density  did  not  increase  to 
the  peak  value,  and  the  pump  operated  only  at  60Z  of  capacity. 

The  relation  between  the  suction  density  and  Y  is  shown  in  Figure  42. 
This  figure  shews  Chat  the  density  is  low  when  d^.  is  under  0.4  m  and  in¬ 
creases  steadily  when  d^  is  over  0.4  ra.  An  illustration  which  expresses 
the  model  of  chis  phenomenon  is  shown  in  Figure  43. 
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Figure  43.  Model  of  the  basic  dredging  characteristic 

Installation  of  the  stabilizer  influenced  the  characteristics  of  dredg¬ 
ing  when  the  velocity  of  the  ship  was  over  3  knots.  When  the  drag  head 

was  buried,  the  stabilizer  clogged  the  flow  route  of  Hedoro,  but  when  the  drag 
head  was  not  buried,  water  easily  diluted  Hedoro. 

The  ratio  of  dredged  Hedoro  RR  is  shown  in  Figure  44  and  is  expressed 
as  follows: 

RR  -  (Ca  •  QJ/CB  •  dH  •  VH)  -  c  (13) 


tftout  a  stabi  1  izer 
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stabi 1 izer 
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Figure  44.  and  RR 


For  a  drag  head  without  a  stabilizer,  RR  is  0.6  -  1.0  and  the  difference  by 
the  velocity  of  the  ship  is  small.  For  a  drag  head  with  a  stabilizer,  the 
trend  of  RR  is  similar  to  that  of  the  head  without  a  stabilizer  when  the 
velocity  of  the  ship  is  2  -  2.5  knots.  But  when  it  is  over  3  knots,,  influ¬ 
ence  of  the  stabilizer  is  exerted  and  the  dredging  efficiency  drops. 

Effect  of  Stabilizer 

The  (horizontal)  stabilizer  influences  the  characteristics  of  dredging, 
and  many  planning  problems  remain;  however,  the  stabilizer  complements  the 
function  of  the  swell  compensator. 

Figure  45  shows  the  comparison  of  the  thickness  of  dredging  between  the 
case  of  using  the  drag  head  with  a  stabilizer  and  that  of  using  the  drag  head 
without  a  stabilizer.  We  can  find  that  the  thickness  of  dredging  shows  a 
stable  condition  near  0.4  m  when  using  the  drag  head  with  a  stabilizer.  An 
effect  of  the  stabilizer  is  influenced  by  the  angle  between  the  drag  head  and 
the  seabed  (cl).  The  reason  is  that  a  little  change  to  the  angle  a  changes  the 
lift  operating  upon  the  stabilizer,  and  the  swell  compensator  can  operate 
effectively  only  when  the  lift  operates  upon  the  stabilizer.  (This  is  because 
the  lift  makes  up  for  a  deficiency  of  the  load  bearing  capacity  of  Hedoio, 
bottom  sediments,  and  makes  the  good  condition  for  the  operation  of  the  swell 
compensator.) 


Figure  45.  Thickness  of  dredging 
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Detector  for  Soft  Mud  Seabed  Surface 

Four  pairs  of  sensors  were  installed,  but  soft  mud  (Hedoro)  adhered  to 
the  sensors  located  above  the  inlet  of  the  drag  head;  therefore,  recovery  of 
the  function  of  the  sensor  was  sometimes  delayed-  The  two  pairs  of  sensors 
located  under  the  upper  plate  of  the  inlet  of  the  drag  head  operated  without 
problem.  Patterns  of  the  receiving  level  of  these  two  pairs  of  sensors  are 
shown  in  Figure  46.  Judging  from  this  figure,  these  sensors  are  considerably 
effective  when  the  velocity  of. the  ship  is  near  2  knots;  but  when  velocity 
is  over  3  knots,  these  sensors  often  indicate  incorrect  patterns. 


r-ceivin^  :-v^i  (*)  receiving 

0  50  !00  0  50  1.0  0 


Figure  46.  Patterns  of  the  receiving  level 

Turbidity 

Turbidity  appeared  deeply  and  widely  near  the  drag  head,  but  we  could 
not  link  turbidity  with  the  dredging  conditions.  Two  kinds  of  turbidity 
appeared  near  the  drag  head:  one  about  10  times  as  deep  as  turbidity  of  the 
background  and  always  in  the  stable  dredging  condition;  and  the  other  very 
deep  with  turbidity  of  about  5000  mg/1.  The  latter  appeared  due  to  soft  mud, 
which  accumulated  on  the  drag  head,  being  washed'  by  water  when  the  drag  head 
rcse  up  to  the  sea  bottom  after  being  buried.  But  this  sort  of  turbidity 
appeared  only  infrequently  and  hardly  influenced  the  background. 
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Measures  for  Improvement 

Effective  Position  of  Horizontal  Stabilizer 

It  is  possible  to  follow  the  sea  bottom  by  means  of  the  horizontal 
stabilizer  and  the  swell  compensator  where  a  bearing  capacity  of  soft  mud 
(Hedoro)  is  expected.  The  position  of  the  stabilizer  is  important.  It  is 
necessary  that  the  stabilizer  enable  an  easy  lift  and  not  obstruct  the 
inflow  of  Hedoro.  The  stabilizer  should  be  installed  a  short  distance  behind 
the  inlet  (front)  of  the  drag  head. 

Detector  for  Soft  Mud  Seabed  Surface 

Since  two  pairs  of  sensors  installed  under  the  upper  plate  of  the  inlet 
of  the  drag  head  operated  acceptably  well,  it  is  reasonable  to  control  the 
drag  head  by  a  system  which  uses  the  signals  of  these  sensors.  But  the 
frontal  projected  area  of  these  sensors  needs  to  be  reduced  so  as  not  to 
obstruct  the  inflow  of  Hedoro. 


CONCLUSIONS 


Seven  years  have  passed  since  we  started  this  development.  During  these 
seven  years,  we  carried  out  four  experiments  with  models  and  three  field 
dredging  tests.  A  summary  of  these  field  tests  is  shown  in  Table  19.  Cir¬ 
cumstances  of  the  test  areas  of  these  field  tests  are  different  from  each 
other,  and  the  dredges  "Tokushun  Maru  No.  1"  and  "Seiryu  Maru"  were  used. 
Therefore,  we  cannot  discuss  results  of  these  tests  from  the  same  point  of 
view.  We  carried  out  these  tests  with  the  front  open  type  drag  head  and  the 
trailing  hopper  suction  dredge  for  removal  of  a  large  volume  of  Hedoro  in  a 
large  area  and  to  protect  cruising  ships. 

Through  these  tests,  we  developed  the  technology  of  the  front  open  type 
drag  head.  In  order  to  make  this  technology  of  practical  use,  a  few  opera¬ 
tional  problems  remain:  improvement  of  the  handling  performance,  and  the 
need  for  a  means  of  positioning  the  ship  and  the  drag  head.  When  these  prob¬ 
lems  are  solved,  the  drag  head  will  automatically  follow  the  sea  bottom,  and 
dredging  pumps  and  engines  of  the  dredge  will  be  automatically  controlled  by 
microcomputer  which  processes  the  dredging  conditions  continuously.  A  study 
of  some  of  these  problems  has  already  been  conducted,  but  more  data  are 
needed . 
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Table  19.  Summary  of  the  field  dredging  test 
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Area  of  the  inlet  (front)  of  the  drag  head  (=  B-H)  (m“) 

2 

Cross-sectional  area  of  the  pipe  of  the  drag  arm  (m  ) 
Pressure  unic  expressed  by  the  height  of  aqua  (water) 
Breadth  of  the  inlet  (front)  of  the  drag  head  (m) 

Apparent  density 

True  volume  density  of  the  bottom  sediments 
average  true  volume  density 

Volume  density  in  the  inlet  (front)  of  the  drag  head 
Volume  density  in  the  drag  arm 
Diameter  of  the  mixing  blades  (m) 

Thickness  of  dredging  (m) 

Distance  from  Che  water  surface  to  the  dredging  pump  (m) 
Quantity  of  solids  dredged  per  Ui.  t  time  (=  C.^'Q^)  (ra'Vhr) 
Height  of  the  inlet  (front)  cf  the  drag  head 
Added  resistance  (ra  Aq) 

Suction  pressure  (m  Aq) 

Plasticity  index  (%) 

Distance  from  Che  water  surface  to  the  dredging  pump  (ra) 

3 

Water  supplying  quantity  of  the  dredging  pump  (ra  /hr) 
Quantity  cf  solids  forcibly  supplied  into  the  drag  head 

(=  B-d  •  V  )  (m~Vhr) 
ii  s 

3 

Mean  rate  of  flow  (m  /hr) 

Depth  of  the  seabed  at  the  drag  head  (m) 

Depth  of  the  sole  of  the  drag  head  (m) 

Velocity  of  the  drag  head  (m/sec) 

Velocity  of  solids  in  the  drag  arm  (=  Q^/Ap)  (m.'s) 
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Velocity  of  water  in  the  drag  arm  («  Q^/Ap)  (m/s) 
Velocity  of  the  dredge  (m/s  or  knots) 

Liquid  limit  (2) 

Natural  water  content  (2) 

Plastic  limit  (2) 

Water  content  of  pseudo  Hedoro  (2) 

Specific  gravity  of  bottom  materials 

Mean  specific  gravity  of  slurry 

Specific  gravity  of  soil  particles 

Specific  gravity  of  seawater 

2 

Shearing  strength  (kg/cm  ) 

Dredging  parameter  (■  VjN/Qq) 

Dredging  parameter  at  blockage  boundary 
Ratio  of  dredged  Hedoro  (*  (Cv  Q^)  /  (Q  Cg)=RR) 

Angle  between  the  drag  head  and  the  seabed 
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OVERVIEW  OF  CORPS  RESEARCH  PROGRAM  ON’ 
DREDCING  CONTAMINATED  SEDIMENTS 


Dr.  R.  L.  Montgomery 
CPT  G.  L.  Raymond 
Environmental  Laboratory 
L'SAE  Waterways  Experiment  Station 
Vicksburg,  Mississippi  39180  I'SA 


ABSTRACT 

lhe  problems  of  dredging  contaminated  sediments  with  existing  conven¬ 
tional  equipment  and  techniques  are  discussed.  These  problems  exist  because 
the  dredging  practices  in  the  t'nited  States  have  evolved  to  achieve  the 
greatest  possible  economic  returns  through  maximizing  production.  As  a  re¬ 
sult,  conventional  dredges  are  not  specif tcallv  designed  or  intended  for  use 
in  dredging  highly  contaminated  sediments.  However,  many  feel  that  dredges 
are  the  logical,  and  perhaps  only,  means  of  removing  contaminated  sediments 
that  have  been  found  in  the  Nation's  harbors  and  waterways.  It  is  also  felt 
that  some  modifications  to  equipment  and  dredging  techniques  could  result  in 
their  use  in  dredging  highly  contaminated  sediments  with  minimal  adverse  im¬ 
pact  on  the  environment. 

This  paper  outlines  active  research  at  the  Waterwavs  Experiment  Station 
on  equipment  and  techniques  for  dredging  contaminated  sediments.  The  question 
of  dredging  in  contaminated  sodimerts  is  being  addressed  in  three  wavs:  the 
assembly  and  evaluation  of  available  domestic  and  foreign  information  concern¬ 
ing  sediment  resuspension  and  contaminant  release,  the  development  of  appro¬ 
priate  laboratory  tests  to  predict  contaminant  release  from  resuspended  sedi¬ 
ments,  and  the  use  of  field  studies  to  monitor  performance  and  compare  dredges 
operating  under  various  conditions.  Plans  are  discussed  for  evaluating  exist¬ 
ing  dredging  equipment  to  determine  best  techniques  for  dredging  sediments 
that  are  highly  contaminated  with  toxic  substances.  Initial  field  studies' 
have  alreadv  been  completed  on  evaluating  sediment  resuspension  at  the  point 
o:  dredging  for  cutterhead,  dustpan,  and  clamshell  dredges.  The  results  of 
these  preliminary  studies  are  discussed. 


INTRODUCTION 


Background 

i  ho  Waterwavs  Experiment  Station  (WES)  lias  initiated  studies  to  determine 
toe  relative  et  *  »*ct  ivrnrss  of  various  methods  of  dre.l/ing  con  t  am  i  nut  ed  sejj- 
nts.  I  :ie so  studies  are  being  conducted  as  part  of  the  Improvement  ot  Op.  'ra¬ 
tion  and  Maintenance  techniques  (IOMT)  Research  Prog r  im.  "He  spec i 1  ic 
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environmental  concerns  addressed  include  resuspension  of  contaminated  sedi¬ 
ments  and  ths  possibility  of  contaminant  release  during  the  dredging  operation. 
Although  specific  dredging  operations  involving  contaminated  sediments  have 
been  monitored  by  various  Corps  offices  and  governmental  regulatory  agencies, 
data  are  not  available  on  a  national  basis  to  allow  the  prediction  of  the  im¬ 
pact  of  the  operation  of  a  specific  dredge  in  a  given  situation. 

Conventional  dredges  are  not  specifically  designed  or  Lntended  for  use  in 
dredging  highly  contaminated  material.  However,  dredges  are  the  logical,  and 
perhaps  only,  means  of  removing  contaminated  sediments  that  may  be  found  in 
the  Nation's  waterways.  Some  modification  to  equipment  and/or  dredging  tech¬ 
niques  could  result  in  their  use  for  that  purpose  with  minimal  adverse  impact 
on  the  environment.  In  some  instances  special  dredges  may  be  needed  for 
cleanup  activities. 

While  WES  extensively  studied  the  effects  of  aquatic  disposal  of  dredged 
material  during  the  Dredged  Material  Research  Program  (DMRP),  little  research 
was  done  concerning  the  resuspension  of  the  bottom  sediments  that  occurs  due 
to  the  actual  dredging  operation.  The  IOMT  field  studies  are  designed  to  de¬ 
termine  the  extent  and  character  of  bottom  sediment  plumes  resuspended  during 
dredging.  These  studies  will  provide  information  on  which  to  base  an  assess¬ 
ment  of  the  relative  performance  of  different  dredges  and  dredging  techniques 
with  regard  to  their  sediment  resuspension  characteristics. 

The  introductory  work  in  this  area  was  conducted  by  'Jarnard  (1978)  during 
the  DMRP.  He  performed  a  review  of  the  limited  literature  available  on  dredge- 
induced  turbidity.  He  found  that  most  conventional  dredger,  create  a  low  con¬ 
centration  plume  of  silt  and  clay-sized  particles  (diameter  less  than  0.0)  mm) 
or  small  floes  (masses  of  agglomerated  particles)  that  settle  independently 
through  the  water  column  at  very  slow  rates.  Although  the  solids  concentra¬ 
tions  in  the  water  column  In  the  vicinity  of  the  dredging  operation  usually  do 
not  exceed  several  hundred  milligrams  per  liter  (mg/i),  the  part tcles/f Iocs 
continue  to  settle  until  thi  soj ids  concentrations  near  the  bottom  can  exceed 
10  grams  per  liter  (g/<).  I'tus  level  of  concentration  (0-10  g/f)  of  suspended 
solids  he  referred  to  a*  turbidltv.  Concentration*  higher  than  this  level 
take  on  tiie  properties  of  the  naturally  incurring  "fluid  mud"  layers  which 
often  form  over  more  dense  bottom  sediments 

Ke*  ea  rch  1  >bj  ect l ves 

lie  objectives  of  tiiLs  research  are  to  develop  procedures  for  predicting 
:>  •  ■tential  resuspension  and  release  ot  contaminants  using  various  types  of 
Ire)  to,-  equipment  and  techniques  and  to  improve  and/or  develop  new  equipment 
and  techniques  for  dredging  highly  contaminated  sediments. 


■•V  .••arc.’i  Approach 

I  he  on vs  ronrw-ntul  impact  associated  with  Jiiierent  tvpes  of  dredging 
•  .pi  1  ;  -ent  uni  t'*Ch!U:a«-s  will  he  determined.  Available  domestic  and  foreign 
in'  rm.it  i  ■•!!  on  •■>!  i  ;  re-.u  .pen  don  ind  contaminant  release  will  he  isserih  led 
Hid  ev  i  !  i  if  ed  .  .he  invest!  '.II  I  ■  m  will  include  .ir.  eValu.lt  ion  of  tile  resuspen- 

■i  ui  of  ■  Li, is  and  tent  tall1,  to.,;;  const  i  t  nent  s  i:»  tin*  immediate  v  i  c  i  t*  i  t  v  of 
t  •!•  dred.-e.  si  the  env  I  r  -nmen  t  a  l  impact  assoc  i  at.-d  witii  eacil  t  \  pe  of 


dredge  and  dredging  technique  is  directly  related  to  the  dynamics  of  the  dredg¬ 
ing  operation,  an  in  situ  sampling  system  will  be  implemented.  Sampling  will 
be  performed  in  the  immediate  vicinity  of  the  dredge,  in  background  waters, 
and  in  ship/barge-generated  plumes.  Data  will  be  collected  at  a  minimum 
around  operating  cutterheads,  dragheads,  and  clamshells.  Any  other  innovative 
systems  that  may  be  available  will  be  evaluated.  The  operation  of  each  type 
of  dredge  will  be  varied,  to  the  degree  practical,  to  determine  the  relation¬ 
ship  between  technique,  production,  and  sediment  resuspension.  This  informa¬ 
tion  will  be  the  basis  for  comparing  the  degree  of  sediment  resuspension 
caused  by  the  dredging  equipment  and  techniques. 

The  end  product  of  the  studies  will  be  a  method  to  predict  on  a  site- 
specific  basis  the  degree  and  extent  of  resuspension  of  sediments  and  contami¬ 
nant  release  from  dredging  operations.  The  predictive  methodology  will  allow 
for  sound  decisions  to  be  made  on  selection  of  the  type  of  equipment  required 
for  dredging  contaminated  sediments. 

The  first  phase  of  the  study  will  be  to  collect  and  analyze  data  available 
from  various  Corps  offices  and  other  agencies  in  order  to  establish  a  general 
data  base  on  the  performance  of  conventional  dredges.  The  performance  of  a 
dredge  is  based  on  numerous  factors  and  development  of  a  methodology  for  pre¬ 
dicting  performance  must  consider  these  factors.  Performance  data  from  field 
tests  where  parameters  are  held  cons  ant  will  be  used  later  to  develop  a  pre¬ 
dictive  capability. 

Data  have  been  collected  by  several  Corps  of  Kngineers  Districts  includ¬ 
ing  the  San  Francisco,  Norfolk,  Mobile,  New  York,  and  others.  This  information 
will  be  gathered,  analyzed,  and  possible  comparisons  drawn  between  similar 
dredging  equipment  operating  under  differing  conditions.  For  each  instance, 
information  concerning  dredge  types,  operating  characteristics,  sediment  types, 
hydraulic  conditions,  measurement  of  turbidity  due  to  resuspension,  and  analy¬ 
sis  ot  .lata  concerning  contaminant  release  will  bo  compiled.  Tf  possible, 
comparisons  of  different  dredges  and  dredging  techniques  under  similar  condi¬ 
tions  will  he  made.  I  he  objective  of  compiling  these  data  is  to  aid  in  t  lie 
future  development  of  relative  rating  factors  for  potential  resuspension  of 
contaminant s  for  each  o!  several  dredging  types  and  dredging  conditions. 

:  lie  Nor: oik  District  conducted  a  major  field  evaluation  of  two  types  of 
equipment  t  -  no  used  to  dredge  t:ie  Federal  channel  in  t  tie  Kepone-contam  i  nated 
’ones  Kivir.  inis  operation  provided  an  opportunity  to  compare  the  perform. me 
o’  a  con"'  r.  t  ionai  cut  t  e  rtie.id  dredge  and  that  of  a  dredge  equipped  with  a  spec‘- 
f  icallv  design*-.*  dii'tnan  head.  I  :iv  :  renment  al  parameters  were  closelv  mon  i  - 
tore!  at  tile  dredging  and  disposal  sites.  hose  data  provided  extensive  in',  or- 
■••at  :  "i  'or  t:i*-  c.  mg.tr:  ..-n  tit  conventional  anti  nonconvent  ionai  equipment. 

're  1 :  i  i  f  evalu.it  ions  •*  specialized  dredging  equipment  wore  conducted 
up.  r  :  •  •  -e  e\i  -ting  data  concern  wa*  ert  i-eiit  ,  gla.  -in-11  dredge 

■  -  - 1. :  •  ■'!:.!•  vner  it  ed  in  t  ho  v  i  c  i  n  i  t  '•  t!  .•  .given  t  iona  1  out  t  e  rhe.it! 

■  ire  i-  i  :  -mot  i  •:  ;  r->-:uct  ion  rate,  and  u  •«*  ot  the  <>o.*vr  pump  dredge  and 

i  Jean  ip  Tel  S  •  ■  t  •  m  .  .'uit!  i  t  Snu.il  i  n  :  ormat  i  •  *:i  on  -u.'h  poncotivent  i<*na  l 

dr'ig-s  -  ill  :-e  collected .  >at  i  >u  init'-d  it  e-.  and  toroi.ui  dreilges  specif i- 
ca  1 1  -:••••.!  t  •  r  up  !ii  1  Ct»nt  oni-nated  setlimeuts  will  in-  obtained. 


A  predictive  methodology  will  be  developed  relying  on  a  factor  rating 
system  for  evaluating  the  performance  of  specific  types  of  dredging  equipment 
and  corresponding  dredging  techniques.  This  factor  rating  system  will  be  used 
to  evaluate  the  potential  for  resuspension  of  contamination  in  the  immediate 
vicinity  of  the  dredge  head.  Evaluations  of  laboratory  testing  techniques  for 
predicting  contaminant  release  for  specific  sediments  and  evaluation  of  dis¬ 
persion  using  existing  models  or  methods  for  various  hydraulic  dispersion  con¬ 
ditions  will  also  be  completed.  All  three  elements  (the  factor  rating  system 
for  equipment  and  dredging  techniques,  the  laboratory  test  for  prediction  of 
contamipant  release,  and  the  evaluation  of  dispersion  for  various  hydraulic 
conditions)  will  be  integ*.  tted  into  a  matrix  approach  to  evaluate  overall 
potential  for  contaminant  release  due  to  the  dredging  operation. 

The  major  impetus  for  these  field  studies  however  is  not  concern  with  the 
resuspension  of  sediment  for  its  own  sake,  but  the  fact  that  the  sediments  of 
many  of  the  Nation's  waterways  have  become  repositories  for  contaminating 
materials.  This  problem  lias  arisen  due  to  the  affinity  of  these  contaminates, 
particularly  chlorinated  hydrocarbon  pesticides  and  pCB's,  for  the  clay-sized 
particles  and  natural  organic  solids  found  in  most  river  sediments.  When 
these  sediments  are  disturbed,  such  as  during  dredging  operations,  contami¬ 
nants  may  be  transferred  back  to  the  water  column,  either  through  resuspension 
of  the  sediment  solids,  dispersal  of  interstitial  water,  or  desorption  from 
the  resuspended  solids.  Investigation  by  Fulk,  Gruber,  and  Walischleger  (1975) 
indicated  that  for  sedir.ient-water  concentrations  of  less  than  100  g/<  the 
amount  of  pesticides  and  PCB  material  that  dissolved  or  desorbed  into  the 
water  column  from  the  resuspended  sediment  is  negligible.  They  determined 
that  basically,  all  pesticide  materials  were  transferred  to  the  water  column  by 
means  ot  resuspension  of  solids. 

LABORATORY  INVESTIGATIONS 

An  evaluation  will  be  made  of  the  applicability  of  elutriate  testing  as 
an  indicator  of  potential  contaminant  release  due  to  resuspension  of  sediments 
during  dredging  operations.  The  existing  elutriate  test  procedures  reflect 
conditions  due  to  open-water  disposal  operations.  Resuspension  during  dredg¬ 
ing  operations  involves  shorter  agitation,  times  than  that  resulting  from  dis¬ 
posal.  Modifications  to  the  standard  testing  procedures  will  be  proposed  to 
allow  better  applicability  of  elutriate  testing  to  the  case  of  resuspension  at 
the  point  of  dredging. 


FIELD  S1TDY  METHODOLOGY 
Method  o;  Suspended  Sediment  Measurement 

both  Barnard  11978)  and  Stern  and  Stickle  (1978)  point  out  the  problems 
o*  • iuding  a  commonly  accepted  method  of  suspended  sediment  measurement.  Both 
i  :n:  i  ite  t  he  majority  of  previous  efforts  were  concerned  with  the  measurement 
;  ur(  iditv,  wiiicti  is  an  optical  property  ot  water.  Turbiditv  measures  the 
reduction  of  light  passage  through  water  due  to  suspended  particles.  lurbiditv 
nowever,  cannot  be  correlated  with  weight  concent  rat  ton  of  suspended  matter 
■e-cause  the  >pt icallv  important  factors  of  size,  shape,  and  refractive  index  ot 
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Che  particulate  materials  beat  little  relationship  to  the  concentration  and 
specific  gravity  of  the  suspended  matcer.  This  fundamental  problem  is  exacer¬ 
bated  by  the  face  that  there  are  two  major  optical  means  of  measuring  suspended 
sediment  level,  transmissometerv  (percent  of  light  passing  directly  through) 
and  nephelometery  (amount  of  light  scattered).  Therefore,  results  may  be 
reported  in  terms  of  several  different  types  of  turbidity  units. 

Based  on  these  findings,  the  preferred  method  of  measurement  for  the  IOMT 
field  studies  would  be  gravimetric  rather  than  optical.  This  method  allows  a 
more  accurate  comparison  of  different  dredging  operations  involving  different 
sediment  types,  gives  a  truer  indication  of  what  is  actually  occurring  during 
a  dredging  operation,  and  permits  more  precise  estimates  of  the  potential 
settleable  solids.  Stern  and  Stickle  (1978)  particularly  mention  the  lack  of 
the  latter  as  a  major  obstacle  in  determining  the  effect  of  dredging  on 
aquatic  organisms.  The  gravimetric  method  used  throughout  these  field  studies 
is  that  prescribed  by  Section  209C  of  Standard  Methods,  Fifteenth  Edition. 

Collection  Methodology 


The  decision  to  use  a  gravimetric  measurement  method  implied  that  data 
collection  would  have  to  be  by  discrete  point  sampling  rather  than  continuous 
monitoring.  The  sampling  methodology  used  was  based  on  a  review  of  similar 
WES  sponsor  studies  (Nichols,  Thompson,  and  Pass  1978),  standard  streams  sus¬ 
pended  sediment  load  sampling  procedures,  and  experiences  of  the  investigators 
during  preliminary  sampling  efforts.  The  methodology  was  based  on  vertical 
depth  profiles  taken  at  increasing  distances  from  the  dredge  along  the  direc¬ 
tion  of  current  flow. 

Ihe  actual  sampling  procedure  consisted  simply  of  pumping  water  from  the 
selected  depth  into  250-ml  sample  bottles.  Current  direction  and  speed  were 
determined  for  each  sample  taken  using  speed  and  direction  meters  attached  to 
the  sample  intake.  Salinity  of  each  sample  was  determined  in  the  laboratory 
prior  to  gravimetric  analysis. 

FIELD  STUDY  SITES 
St.  Norms  River,  Jacksonville 


ihe  first  field  study  was  conducted  in  Jacksonville,  Florida,  during 
February  1982  (Figure  !).  This  study  directly  compared  sediment  resuspension 
of  conventional  and  watertight  clamshell  dredges.  Monitoring  and  sampling  of 
both  tae  watertigiit  and  open  bucket  operations  were  conducted  on  9-11  February 
1982 . 

ihe  dredging  work  performed  during  this  project  was  the  deepening  of  the 
pier  basin  to  13  teet .  Figure  2  shows  tiie  area  that  had  already  been  dredged 
prior  to  tiie  time  or  sampling.  Most  of  this  area  had  been  excavated  to 
18.  >  feet.  As  can  be  seen,  bv  the  time  actual  sampling  was  conducted  tile 
oper.it  i.-n  was  quite  clos,.  to  tile  shore  and  in  shallow  water.  Indeed,  the 
neurbv  'sank,  tiie  pier,  and  the  dredge  and  scows  acted  to  restrict  the  flow  of 
water  within  the  urea  between  the  dredge  and  tiie  north  bank.  The  current  in 
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Figure  l.  General  location  map  for  Jacksonville  clamshell  comparison 

this  area-  was  onlv  0.1  or  0.2  ft/sec.  The  dredge  generally  operated  for  about 
10  hr  a  day  (0700  to  1700).  This  meant  a  certain  amount  of  flushing  could 
occur  during  "nondredging"  hours.  During  the  period  of  sampling  the  non¬ 
dredging  hours  coincided  with  the  maximum  ebb  tide.  Subsurface  data  accompany¬ 
ing  the  bid  invitation  characterized  the  bottom  as  silt  (MH)  with  a  specific 
gravity  of  2.4.  Ninety-eight  percent  of  the  particles  were  reported  to  be 
smaller  than  0.002  in.  Subsurface  investigation  revealed  the  sediment  to  be 
black  in  color.  Inspection  of  the  sediment  during  sampling  confirmed  this. 

The  watertight  bucket  used  (see  Figure  ))  was  a  modified  Yawn-Williams 
13-cubic-vard  clamshell-type  bucket.  The  modification  consisted  of  the  weld¬ 
ing  of  side  and  top  plates  onto  a  standard  bucket.  The  edge  of  each  half  was 
lined  with  rubber  to  ensure  a  watertight  seal.  A  rectangular  opening  was  left 
in  the  top  of  t tv.;  box  for  the  pulley,  and  to  allow  air  to  escape  during  sub¬ 
mersion.  I  he  contractor  estimated  that  the  addition  of  the  sides  and  top 
probably  increased  the  bucket's  capacity  to  around  Is  cubic  yards.  The  open 
clamshell  bucket  used  on  10  February  was  a  standard  12-cub ic-vard  Yawn- 
Williams  bucket. 
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The  excavation  was  accomplished  using  standard  bucket  dredging  procedures. 
Once  authored,  the  bucket  was  positioned  above  the  water  and  lowered  open  onto 
the  material  to  be  dredged.  The  operator  found  that  the  watertight  bucket  had 
to  be  lowered  more  slowly  at  the  start  of  the  descent  to  allow  the  air  trapped 
in  the  bucket  to  escape.  Penetration  of  the  sediment  was  achieved  solely  by 
means  of  the  bucket's  weight.  Once  the  jaws  were  closed,  the  bucket  was 
lifted  to  the  height  of  the  scow,  swung  over  to  the  scow,  and  the  bucket 
emptied.  The  bucket  was  then  swung  back  to  a  position  one  bucket's  width  over 
and  again  lowered  for  another  grab.  Due  to  the  shallow  water  depth,  this 
cycle  of  lowering,  digging,  raising,  swinging,  dumping,  and  return  took  only 
about  45  seconds.  The  dredge  would  clear  a  "cut"  about  60  feet  wide  before 
moving  forward  4  or  5  feet  to  the  next  "cut."  The  dredge  usually  went  over  a 
cut  twice  to  ensure  proper  depth.  The  average  hourly  production  during  the 
sampling  period  was  770  cubic  yards  per  hour. 

Barnard  (1978)  stated  that  the  resuspension  of  sediments  during  bucket 
dredging  was  caused  primarily  by  the  impact,  penetration,  and  withdrawal  of 
the  bucket  from  the  bottcn  sediments.  Secondary  causes  were  felt  to  be  loss 
of  material  from  the  bucket  as  it  was  pulled  through  the  water,  spillage  of 
turbid  water  from  the  top  and  through  the  jaws  of  the  bucket  as  it  broke  the 
surface,  and  inadvertent  spillage  while  dumping.  Barnard  also  reported  that 
the  Japanese  had  developed  a  watertight  bucket  that  caused  30-70  percent  less 
turbidity  in  the  water  column  than  a  similar  open  bucket.  Barnard  attributed 
this  to  a  35-percent  reduction  in  loss  from  the  bucket  as  it  was  lifted 
through  the  water  column  and  swung  over  the  hopper  or.  scow. 

The  sampling  radials  used  during  data  collection  are  shown  in  Figure  2. 
Data  collection  was  based  on  the  previously  described  sampling  methodology. 

Due  to  the  shallow  depths,  fewer  samples  were  taken  than  originally  planned. 
Background  samples  were  taken  each  day  at  locations  3500  feet  south  of  the 
operation  along  the  shoals,  and  6500  feet  southeast  in  the  main  ship  channel. 
The  background  sample  locations  are  shown  in  Figure  1.  All  samples  taken  were 
returned  to  WES  for  gravimetric  analysis. 

James  River,  Virginia 

WES's  second  field  study  was  conducted  in  conjunction  with  Norfolk  Dis¬ 
trict's  James  River  Demonstration  Project.  The  James  River,  during  the  period 
1967  to  1975,  was  polluted  with  a  chlorinated  hydrocarbon  pesticide  known  as 
Kepone.  ihe  Kepone  becan>‘  adsorbed  to  the  fine-grained,  organic-rich  sediments 
of  the  river  (Hugget,  Nichols,  and  Bender  1980),  with  the  bulk  accumulating  in 
the  zone  of  maximum  turbidity  in  the  middle  estuary.  Within  this  zone,  Kepone 
is  stored  in  sites  of  high  deposition,  i.e.,  in  dredged  ship  channels,  tribu¬ 
tary  mouths,  and  reaches  of  wide  cross  section  where  tidal  currents  are  re¬ 
duced.  Because  of  the  Kepone,  the  Norfolk  District,  Corps  of  Engineers,  de¬ 
cided  to  conduct  a  dredging  demonstration  project  as  part  of  the  normal  main¬ 
tenance  of  the  James  River  Channel.  The  goals  of  the  demonstration  were  to 
achieve  containment  of  a  layer  of  polluted  sediment;  minimize  resuspension  of 
sediment  at  the  dredge  head;  and  remove  the  sediii.nnt  at  in  situ  density.  In 
order  to  achieve  these  goals,  a  dustpan  suction  head  was  specially  adapted  and 
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fitted  on  a  typical  hydraulic  pipeline  dredge  (see  Figure  4).  The  dredge  was 
operated  in  the  dustpan  mode  using  a  dredging  method  designed  to  obtain  precise 
positioning  of  the  suction  head  within  the  specified  layer  of  polluted  sedi¬ 
ment.  The  dredge  was  later  operated  as  a  conventional  cutter  suction  dredge 
under  similar  conditions  for  comparison  with  the  dustpan  arrangement.  The 
.Norfolk  District  developed  an  extensive  monitoring  program  to  evaluate  the 
relative  effectiveness  of  each  dredge  type  and  to  determine  any  changes  in  the 
Kepone  level,  both  dissolved  and  adsorbed.  The  IOMT  field  studies  were  made 
in  addition  to  these  efforts. 

Sampling  took  place  on  27-29  May  1982  for  the  Dustpan  Head  Phase  and  on 
9-14  June  1982  for  the  Cutterhead  Phase.  The  location  of  both  these  sampling 
efforts  is  shown  in  Figure  5.  This  area  is  also  the  "turbidity  maximum"  of 
the  James  River  and  was  shown  to  contain  the  highest  level  of  adsorbed  Kepone. 
The  channel  in  this  area  is  300  feet  wide,  with  a  project  depth  of  25  feet. 

In  both  phases  the  dredge  actually  excavated  to  28  feet.  Subsurface  investi¬ 
gation  revealed  the  material  to  be  excavated  as  underconsolidated  silty  clay 
(CH)  with  an  average  moisture  content  of  144  percent  and  a  wet  unit  weight  of 
84  pounds  per  cubic  foot.  Liquid  limits  were  greater  than  100  with  plastic 
indices  greater  than  60. 

Figures  6  and  7  show  the  sampling  pattern  for  each  phase.  The  basic 
difference  results  from  the  collection  constraints  imposed  by  the  dredging 
methods.  During  the  dustpan  plsase  the  dredge  moved  across  the  channel,  and 
was  controlled  by  wires  anchored  in  mid-channel.  This  limited  the  collection 
area  to  the  edge  of  the  channel  for  the  100-  to  400-foot  interval.  During  the 
cutterhead  phase,  movement  around  the  dredge  was  less  restricted.  Addition¬ 
ally,  the  cutterhead  could  only  dredge  half  the  channel  at  a  time,  making 
estimates  of  plume  location  easier. 

The  data  collected  along  the  radials  were  supplemented  by  data  collected 
in  other  phases  of  the  overall  demonstration  project.  As  part  of  the  evalua¬ 
tion  being  conducted  by  Norfolk,  a  dredgehead  collector  was  attached  to  the 
two , dif f erent  heads.  This  collector  consisted  of  a  line  of  tubes  which 
allowed  in  situ  water  samples  to  be  pumped  to  the  deck  of  the  dredge.  The 
samples  were  pumped  into  a  tank  on  deck  and  a  transmissometer  located  within 
the  tank  used  to  determine  the  turbidity  at  the  point  of  dredging.  The  IOMT 
sampling  team  also  used  this  device  to  take  additional  samples  for  gravimetric 
analysis.  This  device  is  depicted  in  Figures  8-10. 

PRELIMINARY  RESULTS  OF  DATA  ANALYSIS 
Jacksonville  Clamshell  Comparison 


The  initial  analysis  of  the  data  from  the  Jacksonville  field  study  was 
accomplished  by  comparing  suspended  sediment  levels  along  each  of  the  three 
radials  shown  in  Figure  2.  The  amount  of  suspended  sediment,  by  radial,  found 
at  each  sample  point  is  given  in  Figures  11a,  b,  and  c.  These  values  are 
adjusted  for  the  daily  background  levels  for  the  appropriate  depth.  A  reading 
of  zero  therefore  means  the  amount  of  suspended  sediment  did  not  exceed  the 
background  for  that  day  and  depth. 
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Figure  4. 


Modified  dustpan  head. 


James  River  Demonstration  Project 


Figure  5.  General  location  map 


for  James  River  Demonstration  Project 
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Figure  7.  Sampling  pattern,  cutterhead  phase,  James  River 
Demonstration  Project 
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Figure  9.  Dredgehead  collector,  cutterhead,  James  River 
Demonstration  Project 
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drodnehp.id  turbidity. 


As  expected,  the  results  along  each  of  the  radials  were  somewhat  dif¬ 
ferent.  Along  radials  1  and  2  the  watertight  bucket  seemed  to  produce  reduced 
resuspension  in  the  upper  water  column  at  distances  closer  than  400  feet. 

Along  radial  )  the  watertight  bucket  seems  to  offer  generally  reduced  resuspen¬ 
sion  throughout.  The  800-toot  readings  for  the  watert i ght ; bucket  along 
radials  1  and  2  appear  to  be  anomalous,  since  In  addition  fo  reversing  the 
trend  of  lower  resuspension  for  the  watertight  clamshell  they  also  reflect  an 
increase  from  the  400- toot  reading.  The  reason  for  this  is  not  as  yet  appar¬ 
ent;  however,  it  mav  be  due  to  increased  effects  of  the  current  at  the  sample 
points  farther  awav  from  the  point  of  dredging  combined  wii[h  a  decrease  in 
sample  depths  from  400  to  800  feet. 

Figure  11  shows  the  average  suspended  sediment  level  (iaken  along  each 
radial.  Along  both  radial  1  and  1  there  appears  to  be  a  mdrked  increase  in 
sediment  resuspension  as  we  approach  the  bottom.  Table  1  depicts  this  phenom¬ 
enon  more  clearly.  lahle  1  presents  the  average  values  of  suspended  sediments, 
by  radial,  tor  each  type  clamsnell.  These  readings  are  adjusted  for  background. 
1  he  differences  between  average  values  were  found  to  be  statistically  signifi¬ 
cant  at  the  9 5Z  confider.ce  level. 


The  data  in  Table  1  indicate  that  the  watertight  clamshell  offers  a 
marked  advantage  in  the  upper  water  column  over  the  open  clamshell.  This 
would  tend  to  support  ftarnard's  (1978)  contention  that  the  advantage  of  a 
watertight  clamshell  is  the  reduction  in  losses  as  the  buckiet  moves 
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Table  1.  Average  Adjusted  Suspended  Sediment  Levels,  in  mg/? 


RADIAL 

WATERTIGHT  CLAMSHELL 

OPEN  CLAMSHELL 

Upper  Water  Column 

1 

27 

123.25 

> 

35.6 

61.0 

} 

80.6 

133.3 

Near  Bottom  (Within  5  feet) 

1 

233 

146.6 

2 

300 

122.0 

3 

N/A 

N/A 

through  the  water.  Table  1  also  tends  to  confirm  that  the  major  cause  of  tur¬ 
bidity  is  the  penetration,  digging,  and  withdrawal  of  the  bucket.  Figure  13 
shows  a  scale  drawing  of  bucket  size  to  water  depth  in  the  channel.  As  the 
bucket  is  withdrawn,  bottom  material,  particularly  in  the  case  of  silts,  will 
slide  into  the  excavated  cut.  In  fact  the  dredge  usually  had  to  make  at  least 
one  additional  pass  to  remove  this  material.  This  leads  to  an  unusually  high 
level  of  turbidity  in  the  cut.  Since  the  cut  was  perpendicular  to  the  current 
flow,  "flushing"  of  resuspended  sediment  was  more  difficult. 

James  River  Demonstration  Project 

The  site  conditions  for  the  James  River  Demc  istration  Project  were  dif¬ 
ferent  from  the  Jacksonville  Clamshell  Comparison.  All  dredging  was  conducted 
in  the  main  channel  where  the  full  effect  of  the  tide  and  current  was  a  factor. 
As  shown  in  Figures  6  and  7,  the  primary  collection  efforts  were  taken  "down¬ 
stream"  relative  to  the  current.  As  indicated  by  Figure  7  only  one  additional 
radial  was  taken  during  the  cutterhead  phase.  This  was  to  check  dispersion 
outside  of  the  main  current  flow.  As  seen  in  Figure  6,  due  to  the  unconven¬ 
tional  method  of  dustpan  operation  and  the  additional  cabling,  positioning  of 
the  sample  points  was  more  difficult  during  the  dustpan  phase.  Given  the 
general  uniformity  of  sampling  and  site  conditions  and  the  larger  number  of 
data  points,  average  values  provided  more  insight  than  individual  plots. 

Two  types  of  resuspension  data  are  analyzed:  that  collected  by  the 
dredgehead  collector  and  that  collected  along  the  current  radlals.  Both  data 
sets  are  considered  in  comparison  and  characterization  of  the  two  dredging 
methods.  Table  2  summarizes  the  results  of  the  two  dredgeheads  using  only 
samples  collected  by  the  collector  system  nu-;inted  on  the  dredgehead.  These 
data  do  indicate  a  difference  in  suspended  svotment  levels  at  the  point  of 
dredging.  This  difference  lias  proven  to  be  statistically  significant  at  the 
V57.  confidence  level.  It  had  been  hoped  that  the  dustpan  head  would  reduce 
the  amount  of  sediment  resuspended  at  the  point  of  dredging.  lie  data  in 
Table  2  appear  to  Indicate  otherwise.  It  is  unclear  whoth.  -  this  departure 
from  the  expected  was  caused  by  the  equipment  or  bv  the  operative;  techniques. 
The  contractor  retained  by  Norfolk  District  to  conduct  and  evaluut-  this 
project  attributed  this  departure  in  his  preliminary  report  to  the  better 
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Figure  13.  Schematic  of  watertight  clamshell  bucket  operation, 
Jacksonville  clamshell  comparison 

Table  2.  Summary  of  Results  for  the  Dredgehead  Collector 


DUSTPAN 

CUTTERHEAD 

Average  suspended 
sediment  level,  adjusted 
for  background  (mg/7) 

71.6 

40.5 

Average  current  speed  (fps) 

1.5 

0.96 

Average  salinity  ('..mho) 

371.4 

199.5 

Average  wind  speed  (fps) 

14.6 

10.7 

hydraulic  radius  of  the  cutterhcad  suction  pipe  and  the  difficulties  in  main¬ 
taining  a  free  flow  of  material  through  the  dustpan  (McManus  1982).  Another 
factor  to  be  considered  was  the  dredging  "echnique  used  with  the  dustpan  during 
this  study.  In  this  study,  the  dustpan  head  was  operated  perpendicular  to  the 
current  flow..  This  method  was  used  to  allow  more  exact  positioning  of  the 
dredgehead.  Bv  operating  in  this  manner,  the  dredge  was  always  moving  into  a 
turbidity  cloud.  1  he  cutterhead  was  operated  generally  parallel  to  the  flow, 
and,  depending  on  its  orientation,  the  current  could  carrv  the  plume  either 
toward  or  awav  from  the  collection  tubes.  Indeed,  preliminary  analysis  with 
respect  to  current  direction  shows  that  while  the  jverage  level  of  suspended 
sediments  detected  by  the  dredgehead  collector  is  basically  unchanged  for  the 
dustpan  I  lead ,  it  is  markedly  affected  bv  current  for  the  cutterhead. 

••  igure  shows  the  average  values  of  suspended  solids  for  all  depths  at 
a  given  distance.  i he  total  average  background  level  was  basically  the  same 
tor  both  dredges  during,  the  sampling,  periods.  These  data  indicate  that  while 
tiie  dust;  an  mav  cause  more  suspended  solids  near  the  point  of  dredging,  the 
cutterhead  seems  to  cause  higher  suspended  solids  levels  at  the  greater  dis¬ 
tances  iron  the  point  o!  dredging.  Figures  13  and  lb  are  schematic  representa¬ 
tions  ot  t:n-  average  values  tor  each  depth  and  distance  sampled.  These  values 


SUSPENDED  SOLIDS. 


DISTANCE.  FT 


Figure  14.  Depth-averaged  suspended  sediment  levels,  James  River 

Demonstration  Project 


Figure  15.  Average  suspended  sediment  values  (mg/ i ) ,  dustpan  phase 
lames  River  Demonstration  Project 


Figure  16.  Average  suspended  sediment  values,  cutterhead  phase,  James  River 

Demonstration  Project 

are  adjusted  for  the  average  background  value  for  each  depth.  Again  the  cutter- 
head  resuspension  appears  to  be  greater  beyond  100  feet  than  the  dustpan. 

Also,  the  dustpan  averages  (Figure  15)  show  a  uniform  distribution  of  sediment 
concentrations,  while  the  cutterhead  averages  (Figure  16)  show  no  such  uniform¬ 
ity,  other  than  a  general  top  to  bottom  increase.  The  cutterhead  does,  how¬ 
ever,  regain  some  uniformity  beyond  400  feet.  Figure  17  is  a  graph  of  these 
averages  superimposed.  The  different  levels  of  suspended  solids  with  depth 
can  be  more  clearly  seen  in  this  figure.  The  dustpan  (other  than  for  the 
50-fcot  readings)  shows  a  linear  increase  in  concentrations  with  depth.  The 
cutterhead  appears  to  have  an  exponential  increase  with  depth. 

The  apparent  difference  in  resuspension  characteristics  of  the  two  dredges 
may  be  due  to  several  factor^.  The  most  significant  may  be  the  basic  difference 
in  the  wav  the  dredges  excavate  the  sediment.  The  dustpan  plows  through  the 
sediment,  disturbing  the  particles,  and  allowing  more  to  escape  due  to  poorer 
suction.  This  resuspended  sediment  is  then  carried  away  by  the  current  and 
settles  fairly  quickly.  In  contrast,  the  action  of  the  conventional  cutterhead 
imparts  a  greater  kinetic  energy  to  the  sediment  so  resuspended  particles  tend 
to  travel  farther.  Additionally,  the  particles  may  be  "flung”  upward  and  then 
settle  back  again,  giving  the  nonuniform  distributions  observed.  This  idea  is 
supported  by  Huston  and  Huston  (1976)  research  on  cutterheads.  He  concluded 
that  by  slowing  the  rotation  of  the  cutter,  or  even  bv  removing  it  and  using 
direct  suction,  turbidity  could  be  reduced.  Another  possibility  may  be  sampling 
differences.  Hie  data  collected  during  the  cutterhead  phase  have  a  high  prob- 
ubilif.  of  being  taken  from  the  center  of  the  plume  generated  by  the  dredge 
tFigure  7).  i'he  restrictions  imposed  by  the  dustpan  method  of  operation 
I  Figure  b)  made  center  of  plume  sampling  more  difficult.  The  sampling  for  the 
1 1 X )—  to  .i  it)-!  oot .  d  i  stances  may  have  captured  only  the  edge  of  the  plume  for 
this  case.  Other  possibilities  are  differences  in  environmental  factors  during 
tin-  sampling  phases  such  as  current  speed. 


DEPTH,  FT 


SUSPENDED  SOLIDS,  mV« 
IAOJUSTED  FOR  BACKGROUND) 


Figure  17.  Average  suspended  sediment  levels,  by  depth  and  distance, 
James  River  Demonstration  Project 
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CONCLUSION 


Ic  must  be  emphasized  that  this  paper  has  presented  an  overview  of  re¬ 
search  planned  and  emerging  results  based  on  a  preliminary  analysis.  Much 
analysis  and  interpretation  of  data  remain  to  be  done  to  resolve  some  of  the 
inconsistencies  discussed.  There  is  also  the  investigation  and  correlation  of 
production  and  site  factors  still  to  be  performed.  However,  the  following 
tentative  conclusions  can  be  drawn: 

a)  the  watertight  clamshell  does  appear  to  reduce  the  amount  of  resus¬ 
pended  sediment  in  the  upper  water  column,  as  compared  with  a  conventional 
open  clamshell, 

b)  the  dustpan  head  shows  little  advantage  over  conventional  cutterhead 
suction  dredges,  and 

c)  the  basic  sampling  methodology  developed  is  valid  and  can  provide 
valuable  insights  into  the  sediment  resuspension  characteristics  of  dredge 
types. 

WES  will  build  on  the  experience  and  insights  gained  during  these  field 
studies  and  conduct  further  field  study  during  the  next  two  years  to  obtain 
additional  data  on  the  operation  of  existing  dredge  types  and,  when  possible, 
to  evaluate  new  methods  or  equipment.  It  is  hoped  these  field  studies  will 
play  a  major  part  in  our  overall  goal  of  predicting  and  controlling  the  resus¬ 
pensions  of  contaminated  sediments. 
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BOTTOM  SEDIMENT  DREDGE  "CLEAN  UP" 
-  PRINCIPLE  AND  RESULTS  - 


Eisuke  Sato 

Japan  Dredging  and  Reclamation 
Engineering  Association 


PROBLEMS  OF  BOTTOM  SEDIMENT  DREDGING 


Secondary  Water  Pollution 

Most  secondary  pollution  during  dredging  is  caused  by  suspension  of  the 
bottom  sediments.  There  are  two  main  causes  of  the  suspension.  The  first  is 
disturbance  caused  by  movement  of  the  suction  equipment.  The  amount  of  the 
1  disturbance  is  determined  by  the  shape  and  moving  velocity  of  the  suction 

equipment.  The  disturbance  reaches  a  large  volume  when  moving  velocity  is 
over  a  certain  value.  The  second  cause  for  disturbance  is  water  currents  dur¬ 
ing  suction.  When  the  pump  suction  is  set  in  the  bottom  sediments  or  sludge, 
at  first  the  pump  entrains  those  sediments  around  the  suction  mouth  and  grad- 
t  ually  forms  many  stream-lines  around  the  suction  mouth.  These  stream-lines 

disturb  the  surface  of  sludge  adjacent  to  them.  As  the  suction  mouth  moves, 
some  of  the  entrained  material  is  lost  into  the  water. 

This  disturbance  is  shaped  like  a  bell,  with  its  center  located  at  the 
center  of  the  suction  equipment.  As  it  is  shifted  higher,  spreading  of  the 
|  disturbance  increases.  Therefore,  we  should  change  our  former  thoughts  about 

suction  equipment  in  order  to  prevent  the  occurrence  of  disturbance  and  cor¬ 
puscular  suspension. 

Complete  Removal 

*  Complete  removal  of  bottom  sediments  containing  noxious  materials  is 

f  desirable  but  difficult  to  obtain  in  actuality. 

Bottom  sediments  left  in  suspension  after  dredging  will  remain  for  a  long 
time  in  low  density.  Elimination  of  these  suspensions  is  very  difficult. 

These  sediments  are  left  in  suspension  by  two  actions.  These  two  actions  are 
explained  below: 

£.  Before  sucking  viscous  bottom  sediments,  short-cut  flows  of  low 

viscous  materials  such  as  water  and  low  density  bottom  sediments  are 
caused  around  the  suction  mouth,  and,  as  a  result,  bottom  sediments 
under  the  suction  mouth  remain  undredged. 

b.  Bottom  sediments  from  undredged  areas  flow  into  the  dredged  area  during 
and/or  after  dredging.  When  this  stratum  of  bottom  sediments  is  thick, 
the  volume  of  sediments  chat  flow  into  the  dredged  area  cannot  be 
ignored. 
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The  bottom  sediment  dredging  method  generally  adopted  today  is  the  use  of 
spuds  and  a  ladder.  In  this  case,  the  ladder  will  be  fixed  at  a  specified 
level,  creating  difficulty  in  complete  removal  of  '.intents  accumulated  on  the 
uneven  sea  bottom.  The  generally  accepted  concept  l..  high-density  dredging 

is  the  best  should  be  reviewed  in  order  to  minimize  the  residuals  of  bottom 
sediments.  It  cannot  be  denied  that  high  density  dredging  is  desirable.  How¬ 
ever,  high-density  dredging  is  only  applicable  when  removal  of  sediments  can 
be  attained  as  completely  as  possible.  Therefore,  in  some  instances,  careful 
dredging  work  has  to  be  performed  that  sacrifices  high-density  dredging. 

It  is  desirable  if  dredging  can  be  accomplished  while  minimizing  resus¬ 
pension  of  sediments  and  reducing  the  amount  of  material  left  behind,  yet 
maintaing  high-density  production.  However,  we  should  always  be  careful  that 
the  environmental  effects  are  not  neglected  in  an  attempt  to  attain  high- 
density  production. 

Applications  of  Conditions  and  Characteristic  Variations  of  Bottom 
Sediments 

It  is  easily  understood  that  the  sediments  to  be  dredged  are  very  unstable 
and  the  dredging  efficiency  mainly  depends  on  the  fluidity  of  the  bottom 
sediments . 

Therefore,  regardless  of  the  characteristics  and  conditions  of  the 
accumulated  sediments,  it  is  necessary  to  have  dredging  equipment  with  ade¬ 
quate  adaptability  at  the  suction  mouth  of  the  dredging  pump.  That  is  to  say, 
if  suction  equipment  can  be  developed  that  can  collect  a  constant  quantity  of 
sediments,  regardless  of  the  depth  of  the  accumulated  sediments,  and  average 
the  mixture  of  the  various  characteristics  of  sediments,  we  can  provide  a 
constant  supply  of  slurry  to  the  dredging  pump  in  the  stable  condition  by 
combining  the  sensors  which  can  check  the  conditions  of  collecting  and  mixing 
of  the  sediments.  In  order  to  realize  stable  collection  and  mixture  of 
sediment,  a  constant  contact  betweeen  the  suction  equipment  and  bottom  sedi¬ 
ments  is  needed. 

If  the  suction  equipment  can  maintain  these  conditions,  we  carl  expect 
much  wider  dredging  capacity  and  stable  dredging  work  for  all  kinds  of 
sediments. 


NEW  EQUIPMENT  FOR  SEDIMENT  DREDGING 
Function  Needed  as  Dredging  Equipment 

The  final  purpose  of  sediment  dredging  techniques  is  to  remove  these 
sediments  completely  without  polluting  the  surrounding  water. 

The  suction  devices  generally  used  for  the  pump  type  dredges  include  a 
cutter  head  or  a  suction  head  for  cutter  suction  dredges,  and  a  trailing  head 
for  trailing  hopper  sucticn  dredges. 
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The  main  functions  of  a  cutter  head  are  to  excavate  the  sand  on  the  sea 
bottom  and  to  assist  in  suctioning  and  collecting  excavated  materials.  The 
rolling  wings  of  a  cutter  head  uniformly  mix  excavated  materials  with  water 
and  guide  them  into  the  suction  mouth. 

A  trailing  head  moves  touching  slightly  on  the  surface  of  the  seabed. 
Water  flows  chrough  the  small  opening  between  the  bottom  of  the  head  and  the 
seabed  to  the  center  of  the  head.  At  the  same  time  sand  at  the  bottom  of  the 
head  is  sucked  into  the  trailing  head. 

In  order  to  increase  the  dredging  efficiency,  a  special  type  of  trailing 
head  is  used.  Parts  of  this  head  are  movable,  the  opening  at  the  back  side  of 
the  head  becomes  smaller.  By  decreasing  the  size  of  the  opening,  inflow  of 
water  is  minimized.  Thus,  the  dredging  efficiency  is  increased.  A  study  has 
already  been  made  on  this  subject.  1) 

Another  feature  of  a  trailing  head  is  that  it  maintains  a  steady  contact 
with  the  seabed. 

The  development  of  suction  equipment  used  at  present  results  from  long 
technical  experience.  As  a  whole,  they  have  been  so  improved  that  they  can 
operate  with  a  constant  performance  as  well  as  function  in  various  dredging 
conditions . 

Combining  these  technical  lessons  with  the  various  problems  regarding 
sediment  dredging,  we  would  like  to  state  hereunder  the  fundamental  conditions 
necessary  for  developing  the  most  desirable  suction  equipment. 

The  traditional  thought  about  suction  equipment  is  that  materials  are 
led  into  the  suction  mouth  by  water  currents,  in  which  the  existe  ce  of  water 
currents  from  outside  the  suction  head  is  presupposed.  At  this  stage,  we 
propose  a  different  thought:  we  regard  suction  equipment  as  "the  collecting 
equipmc-uc  of  sediment."  This  is  based  on  the  concept  that  it  is  better  to 
intercept  water  currents  from  outside  the  equipment,  and  to  wrap  these  sedi¬ 
ments  into  the  equipment  in  the  sediment's  original  condition.  To  prevent 
water  pollution  and  handle  the  variety  of  sediment  conditions,  the  collecting 
equipment  should  possess  the  movable  wings  system  that  can  encompass  a  large 
area  of  sediment.  If  the  collecting  equipment  has  a  simple  shape  such  as  a 
bulldozer's  blade,  it  will  be  of  no  use. 

The  most  effective  method  to  completely  remove  bottom  sediments  of 
different  viscosities  is  to  change  these  sediments  into  a  uniform  density  and 
viscosity.  In  this  manner  bottom  sediments  can  be  removed  completely  since 
the  sediments  will  then  flow  regularly.  Therefore,  it  is  necessary  to  equip 
the  suction  equipment  with  a  mixing  device.  The  mixing  device  should  also 
enable  the  smooth  movement  of  water  and  sediments  to  the  suction  mouth.  By 
fitting  the  suction  equipment  with  the  mixing  device,  we  can  expect  stable, 
operation  of  '■he  dredging  pump  and  a  good  dredging  result  without  a  remaining 
undredged  portion. 


The  suction  equipment  must  maintain  a  constant  contact  with  the 
bottom  sediments.  One  method  to  make  this  possible  is  to  control  the  contact 
pressure  of  all  or  the  suction  equipment  against  the  bottom  sediments.  By 
controlling  the  contact  pressure,  it  is  possible  to  control  the  submerging 
depth  of  the  equipment  in  the  sediments.  In  addition,  it  is  possible  to 
dredge  the  sediments  in  accordance  with  the  formation  of  the  seabed.  The 
suction  equipment  should  always  be  in  contact  with  the  bottom  at  a  constant 
angle.  In  order  to  do  this,  the  suction  equipment  has  to  be  equipped  with  a 
horizontal  controlling  device  which  maintains  the  angle  even  if  the  dredging 
depth  or  other  conditions  change. 

In  order  for  the  suction  equipment  to  operate  efficiently,  it'  is 
necessary  to  check,  the  accumulating  condition  of  sediments  in  front  of  the 
equipment,  check  the  collecting  condition,  and  if  possible  check  the  flow*  g 
condition.  It  is  also  necessary  to  check  the  generation  of  turbidity  caused 
by  dredging.  By  using  sensors  to  check  these  dredging  conditions,  the  mosr 
efficient  operating  conditions  can  be  provided  by  the  operator  of  the  dredge. 

Dredging  Equipment 

Based  on  the  functions  listed  above,  we  have  developed  some  new  dredging 
equipment,  named  CLEAN  UP  (Figure  1).  CLEAN  UP  is  equipped  with  a  movable 


Figure  1.  CLEAN  UP  equipment 
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wing  in  front  to  overlie  the  bottom  sediments,  a  movable  shutter  to  intercept 
tne  inflow  of  outer  water,  a  mixing  device,  and  sensors  to  check  the  dredging 
conditions.  In  addition,  the  equipment  can  control  the  contact  pressure 
against  the  seabed,  and  keep  its  position  horizontal  regardless  of  depth. 

Figure  2  shows  the  structure  of  the  dredging  equipment.  A  photo  of  Clean 
Up  is  shown  in  Figure  3. 

Dredging  Pump 

Various  types  of  dredging  pumps  have  already  been  developed  in  Japan. 

The  principal  ones  are  pneumatic,  submerged  centrifugal,  piston,  and  screw. 

For  dredging  bottom  sediments,  the  pump  must  possess  the  following  abilities: 

£.  Stable  suction  in  high  density  regardless  of  the  water  depth. 

£.  The  ability  to  transfer  constant  volume  regardless  of  change,  of 
density. 

£.  Production  feasibility  of  a  large  capacity, 
ji.  A  large  passage  for  rubbish  and  obstacles. 

£.  Low  equipment  and  running  costs. 

Upon  examination  of  these  requirements,  we  chose  the  submerged  centrifugal 
pump  as  the  most  desirable  pump  for  sediment  dredging. 

As  Figure  4  shows,  the  submerged  centrifugal  pump  is  designed  for 
dredging  bottom  sediments,  and  consists  of  a  submerged  hydraulic  motor  and  a 
passage  large  enough  for  rubbish  and  obstacles. 

This  pump  (combined  with  the  hydraulic  motor)  is  fixed  in  front  of  the 
dredge's  ladder  so  that  the  pump  is  always  in  the  water.  The  pump  is 
designed  to  maintain  a  constant  rate  of  flow  regardless  of  the  change  of 
density  by  controlling  the  hydraulic  pump  placed  in  the  machinery  room.  The 
rate  of  flow  can  be  easily  changed  in  accordance  with  the  dredging  conditions. 

EXCLUSIVE  DREDGE 

For  dredging  bottom  sediments  in  Japan,  some  exclusive  dredges  have  been 
cons t rue  ted ,  These  ir<_J0es  are  equipped  with  suction  equipment  and  dredging 
pumps  for  bottom  sediments.  The  main  features  of  the  typical  exclusive 
dredges  are  shown  in  Table  1.  Figure  5  shows  the  general  arrangement  of  CLEAN 
UP  NO.  3.  Figure  6  is  the  photograph  of  CLEAN  UP  NO.  3. 

RESULTS 

Actual  Results  of _ Bottom  Sediment  Dredging 

The  number  of  dredging  jobs  using  CLEAN  UP  dredging  equipment  totaled  45 
at  the  end  of  1981,  and  the  dredged  volume  has  amounted  to  about  2,200,000  in  . 
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Figure  3.  New  suction  equipment  CLEAN  UP 
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Figure  4.  Submerged  centrifugal  pump 


Dredging  soils  have  been  mainly  soft  mud  and  sand,  containing  various 
noxious  materials,  for  example,  mercury,  cadmium,  PCB,  and  oily  and  organic 
substances. 

Table  2  shows  the  list  of  dredging  work,  and  removal  of  bottom  sediments. 

Relations  Among  Dredging  Conditions,  Turbidity  Generation,  and  Dredging 
Density 

The  swing  velocity  and  cutting  depth  of  soil  per  swing  are  related  to 
turbidity  generation  and  dredging  density.  When  using  CLEAN  UP  suction  equip¬ 
ment,  3  to  4  m/min  of  swing  velocity  is  best  for  minimizing  turbidity  gener¬ 
ation.  When  the  swing  velocity  is  over  3  to  4  m/min,  turbidity  generation 
increases. 

The  adequate  cutting  depth  of  soil  is  0.4  to  0.5  m.  When  the  cutting 
depth  exceeds  this  value,  turbidity  generation  increases  and  the  possibility 
exists  of  sediments  left  undredged. 

The  greater  the  swing  velocity  and  cutting  depth,  the  greater  the 
dredging  density  will  become.  Turbidity  generation  should  be  within  permitted 
limits  by  controlling  swing  velocity  and  cutting  depth.  Average  density  of 
dredging  using  CLEAN  UP  is  30  to  402. 

Turbidity  Around  the  Dredging  Equipment 

Turbidity  around  the  dredging  equipment  is  always  checked  through  a 
submersible  TV  camera.  Under  normal  bottom  conditions,  the  actual  value  of 
maximum  turbidity  is  6  to  8  ppm  for  sediment  dredging.  However,  the  turbidity 
value  sometimes  increases  up  to  80  -  100  ppm  during  starting  and  stopping  of 
the  pump  or  changing  of  the  swing  direction.  In  these  situations,  the  tur¬ 
bidity  will  be  minimized  by  our  operating  techniques. 

Results  of  Investigations  about  Generation  Unit  of  Turbidity 

Table  3  shows  the  results  of  investigations  about  the  generation  unit  of 
turbidity  caused  by  CLEAN  UP  dredges.  A  generation  unit  of  turbidity  is^the 
r-tal  dry  weight  of  turbidity  that  occurred  during  dredging  work  per  1  in  of 
the  materials  dredged  from  the  seabed  (tons/m  ). 

REFERENCES 

1)  Wolfram  Witt,  "Pressure  Water  Supplied  Trailing  Suction  Heads"  1967, 
PROCEEDINGS  OF  W0DC0N. 
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PERFORMANCE  TESTS  OF  PNEUMA  DREDGE  PUMP 


T.  W.  Richardson 
Hydraulics  Laboratory 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
P.  0.  Box  631,  Vicksburg,  MS  39180 


ABSTRACT 

Results  of  pumping  performance  and  turbidity  gen¬ 
eration  tests  of  the  air-operated  PNEUMA  dredge  pump, 
model  600/100,  are  summarized.  Tests  were  conducted  at 
four  locations  in  sand  and  fine-grained  sediments  and 
in  different  water  depths.  The  following  are  de¬ 
scribed:  (a)  test  locations  and  characteristics, 

(b)  data  acquisition  methods,  (c)  pumping  performance 
results,  (d)  variations  in  performance  with  sediment 
type  and  water  depth,  (e)  noteworthy  characteristics 
of  PNEUMA  pump  operation,  and  (f)  results  of  turbidity 
monitoring.  Conclusions  are  given  regarding  pumping 
capabilities  and  recommendations  made  for  potential 
improvements . 


INTRODUCTION 

In  the  period  15  August  -  5  October  1978,  the  U.  S.  Army  Corps  of  Engi¬ 
neers  conducted  tests  of  a  compressed-air-powered,  solids-handling  pump  called 
the  model  600/100  PNEUMA  pump.  The  purpose  of  these  tests  was  to  evaluate: 

(a)  pumping  performance,  (b)  turbidity  generation,  and  (c)  usefulness  of  the 
pump  in  a  number  of  typical  maintenance  dredging  situations.  Items  (a)  and 

(b)  were  the  responsibility  of  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES).  Item  (c)  was  analyzed  by  the  U.  S.  Army  Engineer  District, 
Wilmington  (SAW).  The  purpose  of  this  paper  is  to  present  primarily  a  summary 
of  items  (a)  and  (b) ,  together  with  several  observations  on  item  (c). 

PNEUMA  PUMP 

The  model  600/100  PNEUMA  pump  includes  several  major  components.  The 
pump  body  (Figure  L)  consists  of  three  large  cylindrical  pressure  vessels, 
each  with  a  material  intake  on  the  bottom  and  an  air  port  and  discharge  out¬ 
let  on  top.  Check  valves  limit  flow  through  the  intakes  and  outlets  to  one 
direction  only,  but  air  can  flow  in  both  directions  through  the  air  port. 

The  three  discharge  outlets  join  in  a  single  discharge  pipe  directly  above 
the  pump  body.  Attachments  may  be  fitted  to  the  material  intakes  for 
dredging  different  types  of  sediments.  The  model  600/100  pump  body  is 
approximately  4.4  m  high  by  3.7  m  wide  and  weighs  6700  kg.  Each  pressure 
vessel  is  2.0  m  high  and  1.5  m  in  diameter  and  has  a  usable  volume  of 
approximately  2800  litres. 
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Figure  1.  PNEUMA  pump  body 

The  operating  cycle  of  a  single  pressure  vessel  is  illustrated  in  Fig¬ 
ure  2.  When  dredging,  the  material  intake  is  buried  in  the  bottom.  Venting 
the  air  port  to  atmospheric  pressure  causes  flew  into  the  material  intake  due 
to  ambient  water  pressure.  This  flow  continues  until  the  pressure  vessel  is 
nearly  full,  at  which  time  compressed  air  is  forced  into  the  vessel  through 
the  air  port.  The  compressed  air  forces  material  out  of  the  pressure  vessel 
through  the  discharge  outlet.  When  the  vessel  is  nearly  empty,  the  air  port 
is  vented  to  atmospheric  pressure  and  the  operating  cycle  begins  again.  The 
pump  body  consists  of  three  pressure  vessels,  so  their  operating  cycles  are 
timed  to  be  out  of  phase  with  each  other  but  overlap  sufficiently  to  minimize 
discharge  surging.  An  important  aspect  of  the  PNEUMA  pump's  operating  princi¬ 
ple  is  that  it  depends  on  ambient  water  pressure  as  an  excavation  force. 
Therefore,  it  should  excavate  more  efficiently  in  deep  water  than  shallow 
water . 

The  timing  and  speed  of  the  operating  cycles  are  controlled  by  an 
electrically  driven,  variable  speed  air  distributor  (Figure  3),  located  on 
the  surface.  The  air  distributor  is  connected  to  the  model  600/100  pump  body 
by  three  100-mm  flexible  hoses,  each  leading  to  a  pressure  vessel  air  port.  A 
single  250-mm  flexible  hose  carries  discharge  from  the  pump  body  back  to  the 
surface,  where  it  connects  to  the  discharge  pipeline.  The  pump  body  and  hoses 
are  usually  suspended  from  a  crane  or  other  lifting  device  for  dredging,  al¬ 
though  other  types  of  support  are  possible. 
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TEST  PROGRAM 


The  model  600/100  was  tested  at  four  locations:  a  river  channel,  a  lock 
approach,  a  tidal  Inlet,  and  a  dock  area  in  an  estuary.  The  characteristics 
of  each  location  are  summarized  in  Table  1  and  Figures  4-7.  The  test  configu¬ 
ration  ot  the  PNEl'MA  pump  and  supporting  equipment  is  shown  In  Figure  8.  At 
the  river  channel  test  site,  only  water  was  pumped.  Therefore,  the  discharge 
was  placed  directly  back  into  the  river.  At  the  lock  approach  and  dock  sites, 
the  discharge  was  pumped  into  a  hopper  barge  for  disposal  at  other  locations. 
At  the  tidal  inlet,  material  was  pumped  through  a  250-am-dfameter  steel  pipe¬ 
line  of  varying  length. 


TABLE  1.  PNEUMA  PUMP  TEST  SI1E  CHARACTERISTICS 
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A  considerable  amount  of  support  equipment  was  needed  to  conduct  tests  of 
the  PNEUMA  pump.  A  32-m-long  vessel  was  used  to  carry  the  pump  body,  air 
distributor,  hoses,  accessories,  instruments,  and  air  compressors.  An  18-ton 
hydraulic  crane  on  the  vessel  lowered  the  pump  body  to  the  bottom  and  raised 
it  back  to  the  vessel's  deck.  A  44-m-long  self-propelled  hopper  barge  with  a 
hopper  capacity  of  241  cu  m  was  needed  at  two  sites  to  receive  pump  discharge. 
Air  to  power  the  PNEUMA  pump  was  provided  by  two  compressors,  each  capable  of 
supplying  29.7  standard  cubic  meters  per  minute  of  air  at  6.89  bars  pressure. 
Part  of  the  compressors'  output  was  vented  to  the  atmosphere  through  a  bypass 
valve  prior  to  reaching  the  air  distributor.  The  PNEUMA  pump  operator  varied 
the  bypass  valve  opening  as  a  crude  method  of  regulating  airflow  into  the  air 
distributor. 

As  shown  in  Figure  8,  several  instruments  were  used  to  measure  and  record 
parameters  describing  pump  performance.  Air  flow  velocity,  temperature,  and 
pressure  were  measured  by  an  instrument  which  converted  these  values  to  a 
standard  volumetric  flow  rate.  The  PNEUMA  pump  discharge  pressure  was  mea¬ 
sured  by  a  transducer  located  just  above  the  pump  body  where  the  discharge 
outlets  join.  Discharge  velocity  was  measured  by  an  ultrasonic  doppler  veloc¬ 
ity  meter,  and  discharge  specific  gravity  was  monitored  by  a  nuclear  density 
meter.  Values  of  airflow  rate,  air  pressure,  pump  discharge  pressure,  dis¬ 
charge  velocity,  and  discharge  specific  gravity  were  recorded  at  10-second 
intervals  on  a  multi-channel  strip  chart  recorder.  Continuous  recordings  were 
also  made  of  two  of  the  measured  parameters,  usually  discharge  specific 
gravity  and  either  pump  discharge  pressure  or  discharge  velocity. 

TEST  RESULTS 

More  than  51  hours  of  pumping  data  and  4  hours  of  turbidity  measurements 
were  collected  during  the  PNEUMA  tests.  The  pumping  tests  were  conducted  in 
a  series  of  61  test  runs,  each  run  lasting  from  20  to  70  minutes,  with  a  typi- 
cai  run  averaging  45  to  50  minutes.  Data  from  the  runs  were  compiled  in  three 
ways:  (a)  plots  of  airflow  rate,  discharge  velocity,  and  discharge  specific 

gravity  tor  each  run;  (b)  histograms  of  discharge  percent  solids  and  in  situ 
excavation  rate  for  selected  portions  of  certain  runs  when  the  pump  was  per¬ 
forming  well;  and  (c)  tables  of  interpolated  synoptic  data  on  airflow  rate, 
air  pressure,  discharge  velocity,  discharge  flow  rate,  discharge  specific 
gravity,  discharge  percent  solids,  in  situ  excavation  rate,  discharge  pressure, 
total  dis  -harge  head,  pump  input  power,  pump  output  power,  and  pump  efficiency, 
ror  discussion  purposes,  pump  performance  data  are  grouped  according  to  whether 
the  Damp  was  discharging  water,  sand,  or  fine-grained  sediment  (silt/clay). 

The  results  of  turbidity  measurements  are  treated  separately. 

Water  Tests 


Three  test  runs  were  made  in  a  river  channel  with  the  PNEUMA  pump  dis¬ 
charging  clear  water.  During  each  >-un,  a  valve  on  the  discharge  pipeline  was 
closed  in  a  series  of  steps  to  produce  increased  discharge  resistance.  Water 
depth  over  the  pump  was  also  varied  from  '3.0  to  9.1  m.  Figure  9  shows  the 
airflow  rate  and  discharge  velocity  for  one  test  run  made  at  a  constant  water 
depth  of  6.0  m.  The  effects  on  discharge  velocity  of  closing  the  discharge 
pipeline  valve  are  seen  in  the  period  from  15  to  30  minutes.  With  the  valve 
fully  open,  discharge  velocities  were  approximately  4.2  m/s.  Closing  the  valve 
in  steps  to  approximately  three-fourths ‘closed  caused  velocities  to  drop  to 
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Figure  9.  Example  airflow  ra'e  and  discharge  velocity, 

water  tests 


approximately  2.1  m/s.  During  the  entire  run,  the  airflow  rate  remained 
roughly  constant  at  21  to  22  standard  cubic  metres  per  minute.  Efficiency  of 
the  PNEL'MA  pump  during  the  water  tests,  expressed  as  the  ratio  of  pump  output 
power  to  pump  input  power,  was  usually  in  the  range  of  8  to  12  percent. 

Data  taken  during  the  water  tests  indicated  that  the  airflow  rate  required 
by  the  PNEUMA  pump  for  a  given  discharge  varied  directly  with  the  depth  of 
water  over  the  pump.  This  should  be  expected,  since  the  PNEUMA  pump  operates 
on  the  positive-displacement  principle  using  a  compressible  "piston"  (air). 
Since  airflow  rate  is  roughly  equivalent  to  power,  this  means  that  power 
required  by  the  PNEUMA  pump  varies  directly  with  depth  for  a  given  pump  output. 
For  a  centrifugal  or  conventional  piston  pump,  depth  variations  have  only 
secondary  effects  on  power  consumption. 
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Sand  Tests 


Sand  was  pumped  at  two  test  sites  -  the  lock  approach  and  the  tidal  inlet. 
1'he  lock  approach  sand  was  coarser  and  water  depths  were  less,  but  the  pumping 
distance  there  was  several  times  shorter  (see  Table  1).  Because  of  the  shal¬ 
low  water  depths  at  the  lock  approach,  the  PN'EUMA  pump  experienced  some  diffi¬ 
culty  in  excavating  sand  there.  This  also  limited  the  airflow  rate  which 
could  be  supplied  to  the  pump  and,  consequently,  discharge  velocities  at  the 
lock  approach  were  relatively  low.  However,  most  phenomena  related  to  opera¬ 
tion  of  the  pump  were  similar  at  both  sites  and  can  be  discussed  together.  A 
summary  of  the  more  important  phenomena  noted  during  the  sand  tests  is  as 
follows: 


a.  The  pump  discharge  specific  gravity  was  usually  considerably  less 
than  the  in  situ  sediment  specific  gravity.  Figure  10  shows  a  composite  his¬ 
togram  of  pump  discharge  percent  solids  and  corresponding  values  of  specific 
gravity  which  represent  the  periods  of  best  performance  in  sand.  The  predom¬ 
inant  range  of  discharge  percent  solids  by  volume  is  10  to  25  percent,  corre¬ 
sponding  to  specific  gravities  of  1.17  to  1.41. 

b.  The  pump  discharge  showed  significant,  systematic  variations  in  spe¬ 
cific  gravity  and  velocity  which  can  be  related  to  the  way  in  which  a  PNEUMA 
pump  operates.  Figure  11  shows  part  of  a  continuous  record  of  discharge  spe¬ 
cific  gravity  made  during  a  test  run  at  the  tidal  inlet.  A  repeating  varia¬ 
tion  with  a  period  of  33.5  seconds  is  evident,  corresponding  to  the  time  re¬ 
quired  for  the  air  distributor  to  make  one  cycle  through  all  three  pressure 
vessels.  Within  a  single  cycle,  three  distinct  peaks  appear,  each  represent¬ 
ing  the  discharge  of  a  single  pressure  vessel.  At  the  same  time,  discharge 
velocity  usually  varied  in  a  similar  manner.  Figure  12  shows  a  continuous 
record  of  discharge  velocity  taken  when  the  air  distributor  was  run  at  a 
slower  speed  with  a  cycle  time  of  45.5  seconds.  Again,  the  variations  due 

to  each  pressure  vessel  are  evidenc. 

c.  Pump  discharge  velocity  was  observed  to  vary  inversely  with  discharge 
specific  gravity,  especially  at  lower  airflow  rates.  Figure  13  shows  this 
relationship,  and  also  shows  that  the  velocity  dropped-  to  near  zero  when  dis¬ 
charge  specific  gravity  approached  an  in  situ  sediment  value  at  13.0  minutes. 
The  velocity/specific  gravity  relationship  was  also  observed  at  higher  air¬ 
flow  rates,  although  the  variations  were  less  pronounced. 

Fine-Gjr_ained_  Sediment  Tests 

Tests  pumping  fine-grained  sediment  were  conducted  at  one  location,  a 
dock  area,  in  water  depths  deeper  than  for  the  sand  tests.  The  sediment 
pumped  was  relatively  unconsolidated  and  easy  to  excavate.  However,  unlike 
sand  it  would  not  flow  to  the  pump  by  gravity  when  an  excavation  was  begun. 
Therefore,  the  pump  had  to  be  moved  continuously  by  the  boat  while  pumping 
to  obtain  a  constant  source  of  sediment.  Results  of  the  fine-grained  sedi¬ 
ment  tests  are  summarized  as  follows: 
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Figure  11.  Example  discharge  specific  gravity, 
saud  tests 
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Figure  12.  Example  discharge  velocity,  sand  tests  ' 

a.  Pump  discharge  specific  gravity  was  usually  within  the  range  of  mea¬ 
sured  in  situ  sediment  values  when  the  pump  was  operating  well.  Figure  14  is 
a  composite  histogram  representing  periods  of  good  pump  performance. 

b.  Most  phenomena  related  to  pump  operation  were  similar1 in  nature  but 
of  less  amplitude  than  in  the  sand  tests.  Discharge  specific  gravity  varia¬ 
tions  appeared  to  be  connected  more  to  problems  in  obtaining  a  constant  sedi¬ 
ment  supply  for  the  pump  than  to.1  the  way  in  which  the  pump  operates.  When 
pumping  well,  the  discharge  specific  gravity  at  times  was  almost  constant 
(Figure  15). 

c.  The  PNEUMA  pump  was  able  to  produce  a  more  constant  discharge  specific 
gravity  in  fine-grained  sediment  chan  in  sand.  However,  the  method  used  for 
deploying  the  pump  in  fine-grained  sediment  made  it  difficult  to  continue 
pumping  sediment  for  periods  longer  than  10  or  11  minutes.  In  pulling  the 
pump  along  the  bottom,  the  material  intakes  i.  ay  have  changed  position  often 
and  the  pump  may  have  moved  in  and  out  of  sediment  layers. 

Turbidity  _Cenera_t_ion  Tests 

Water  samples  were  collected  at  10-minute  intervals  and  four  water  depths 
during  three  PNEUMA  pump  test  runs  in  fine-grained  sediment.  Samples  were 
taken  adjacent  to  the  pump  and  downstream  at  various  distances  to  measure  both 
turbidity  generated  ac  the  pump  and  the  extent  of  any  turbidity  plume.  Before 
each  run,  samples  were  taken  to  determine  the  levels  of  naturally  occurring 
turbidity.  Each  sample  was  analyzed  for  suspended  solids  in  milligrams  per 
litre  and  for  turbidity  in  Nephelometric  Turbidity ' Units. 

Results  of  the  turbidity  generation  tests  were  somewhat  inconclusive. 

There  was  evidence  of  some  turbidity  generation  by  the  pump,  especially  in  the 
lower  water  column,  but  the  turbidity  was  generally  short  lived.  Figure  16 
shows  tiie  time  history  i  f  suspended  sediment  values  for  one  run  for  samples 
taken  downstream  of  the  pump.  During  this  run,  the  PNEUMA  pump  discharged 
an  in  ,itu  density  slurry  for  four  time  intervals  totaling  approximately 
12  minutes.  This  discharge  correlated  roughly  with  the  increases  in  suspended 
sediment  seen  in  the  latter  part  of  the  test  run  in  Figure  16.  Other  test 
runs  produced  similar  results;  however,  in  all  cases  the  periods  of  high  den¬ 
sity  discharge  were  too  short  to  determine  what  the  fully  developed  turbidity 
levels  might  be  after  sustained  pumping.  The  levels  measured  did  not  repre¬ 
sent  excessive  Increases  over  naturally  occurring  values. 
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Figure  13.  Example  airflow  rate,  discharge  velocity,  and 
discharge  specific  gravity,  sand  tests 
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Figure  15.  Example  discharge  specific  gravity, 
fine-grained  sediment  tests 
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Figure  16.  Example  suspended  sediment  values  downstream 

of  PNEUMA  pump 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  following  general  conclusions  were  drawn  from  tests  described  in 
this  paper: 

a.  The  PNEUMA  pump  could  remove  fine-grained  sediment  from  the  bottom  at 
an  in  situ  density  but  could  not  achieve  the  same  results  in  sand. 

b.  High  density  discharge  could  be  sustained  only  for  short  periods, 
usually  15  minutes  or  less.  This  was  caused  in  part  by  difficulty  in  deploying 
the  pump  properly  and  in  part  by  shallow  water  depths  and  compacted  sand 
making  excavation  difficult.  It  was  observed  that  the  pump  could  excavate  sand 
only  in  water  depths  greater  than  2.5  m. 

c. .  The  PNEUMA  pump  has  a  low  power  efficiency  compared  with  a  centrifugal 
dredge  pump.  Calculated  efficiencies  pumping  water,  sand,  or  fine-grained 
sediment  were  always  less  than  20  percent  and  often  less  than  10  percent. 
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d.  The  PN'EUMA  pump  appeared  to  generate  some  turbidity  when  dredging 
fine-grained  sediment,  but  the  relative  increases  measured  were  not  excessive 
and  could  only  be  loosely  correlated  to  pump  iteration.  It  is  possible  that  a 
better  method  of  deploying  the  pump  than  that  used  in  these  tests  would  lower 
turbidity  levels  even  further. 

Some  areas  for  potential  improvement  of  the  PN.rUMA  pump  are  suggested  as 
a  result  of  these  tests: 

a.  Reduce  pump  size  and  weight  to  make  handling  easier. 

b.  Replace  mechanical  air  distributor  with  valve  system  on  pump  body. 

This  would  eliminate  two  air  hoses  and  possibly  reduce  air  energy  losses. 

c.  Add  vacuum  system  to  pressure  vessels  to  improve  shallow  water 
performance. 

jd.  Improve  pump  efficiency  by  reducing  energy  losses  within  each  pres¬ 
sure  vessel.  One  way  cf  doing  this  would  be  to  improve  the  system  of  check 
valves  and  pipe  inlets  which  handle  flow  within  each  vessel.’ 

e.  Develop  better  methods  for  deploying  the  PNEUMA  pump,  using  more 
rigid,  controllable  support  systems  built  specifically  for  the  pump. 
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SEDIMENT  RESUSPENSION  IN  THE  VICINITY 
OF  THE  CUTTER  HEAD 

Hiromi  Koha 
Toyoaki  Shiba 


INTRODUCTION 

Dredging  work  in  Japan  has  been  conducted,  in  most  cases,  by  cutter  suc¬ 
tion  dredges.  This  method  has  a  greater  dredging  efficiency  as  well  as  a 
wider  range  of  application  to  cope  with  the  conditions  of  exe-ution  relating 
to  soil,  water  depth,  discharging  distance,  etc.  At  the  same  time,  it  is 
known  that  when  the  bottom  material  is  dredged  by  a  cutter,  the  fine-grained 
dredged  material  is  suspended,  thus  causing  sediment  resuspension  in  the  vicin¬ 
ity  of  the  cutter  head  during  the  dredging  operation. 

In  Japan,  many  marine  products  have  been  used  for  food  since  ancient 
times.  In  recent  years,  culture  fishermen  of  sea  breams,  young  yellowtails, 
oysters,  lavers,  etc.,  have  become  quite  active  in  the  sea  off  the  coast, 
thanks  to  the  progress  in  culture  technology. 

It  is  feared  that  resuspension  from  dredging  work,  conducted  in  the  sea 
adjacent  to  culture  farms  will  adversely  affect  fish  and  larva.  Hence,  the 
period  of  dredging  work  is  often  restricted  and  other  dredging  methods  causing 
less  sediment  resuspension  are  often  adopted  instead. 

In  order  to  continue  using  the  efficient  cutter  suction  dredge  while  cop¬ 
ing  with  the  resuspension  situation,  it  is  first  necessary  to  understand 
sediment  resuspension  in  the  vicinity  of  a  cutter  head.  We  decided  to  study 
sediment  resuspension  and  work  out  measures  to  prevent  it  by  conducting  an 
indoor  modeling  test  of  the  cutter. 

DREDGING  OPERATION 

The  usual  method  of  a  cutter  suction  operation  is  to  fix  its  stem  by  a 
spud  and  let  the  end  of  a  dredge  ladder  extend  from  its  bow  into  the  seabed. 

The  bottom  material  is  then  dredged  by  revolving  the  cutter  attached  to  the 
end  and  pumping  the  material  up  with  the  water. 

Various  shapes  of  cutters  are  used  according  to  the  nature  of  the  soil. 

The  standard  cutter  (Figure  1)  has  blades  virtually  parallel  with  a  cutter 
shaft  and  a  suction  mouth  installed  behind  the  blades. 
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cutter  shaft 


Figure  1.  Cute'  .g  operation  (side  view) 


The  bottom  material  scarified  by  cutter  blades  moves  toward  Lhe  suction 
mouth  with  the  water  entrained  pulled  in  by  the  dredging  pump  and  the  screw 
operation  of  the  blades  themselves.  Some  material  is  left  in  the  dredging 
track  behind  the  cutter.  The  direction  of  the  cutter  revolution  is  fixed 
clockwise  regardless  of  its  swing  direction.  The  cutting  operation  of  the 
bottom  material  varijs  according  to  the  direction  of  swing  as  shown  by 
Figure  2. 


sw,°9  right  swing 


UNDER  CUTTING 


OVER  'UTTING 


Figure  2.  Cutting  operation  (front  view) 


Figure  2  shows  the  condition  of  the  cutter  seen  fro*  the  side  of  a  dredge. 
In  the  left  swing  direction,  cutter  blades  cut  up  the  bottom  material  from 
beneath;  tins  is  called  "under  cutting."  In  the  right  swing  direction  it  is 
called  "over  cutting."  As  is  clear  from  Figure  2,  dredged  material  is  easily 
supplied  to  the  suction  mouth  in  the  under  cutting  since  the  blades  scoop  up 
the  dredged  material  from  below.  In  the  over  cutting,  however,  the  blades  cut 
the  bottom  material  from  above  and  splash  the  dredged  material  under  the 
cutter  and  opposite  the  swing  direction,  thus  making  it  difficult  to  deliver 
the  dredged  material  to  the  suction  mouth.  Therefore,  under  cutting  has  a 
higher  concentration  of  dredged  material  than  over  cutting  and  the  amount  of 
material  left  behind  is  smaller.  Concentration  in  this  case  means  the  per¬ 
centage  the  bottom  material  dredged  from  the  seabed  occupies  in  the  mixture 
sucked  by  a  dredging  pump.  This  concentration  is  also  used  as  an  indicator  of 
dredging  efficiency. 

When  an  operator  engaged  in  the  dredging  work  wants  to  increase  the 
dredging  efficiency,  he  generally  manipulates  levers  to  increase  the  amount  of 
dredged  material  by  increasing  the  swing,  speed  and  the  dredging  soil  thickness. 
The  cutting  operation,  as  mentioned  above,  varies  considerably  according  to 
the  swing  direction.  Hence,  a  studv  was  conducted  on  the  effect  of  swing 
direction  on  sediment,  resuspens ion  during  dredging. 

. Judging  from  Figures  1  and  2,  sediment  resuspens ton  results  in  the  vicin¬ 
ity  of  the  cutter  head  as  fine  particles  of  the  dredged  tRi.tvrf.jl  are  left 
behind  floating  and  suspended.  It  is  believed  that  incrt-as-  -i  dredging  soil 
thickness  and  swing  speed  as  well  as  use  of  the  right  swing  direction  cause 
sediment  resuspension.  If  the  cutter  revolution  is  increusva,  tin*  centrifugal 
force  on  dredged  material  and  water  f low  in  the  vicinity  becomes  greater,  thus 
presumably  increasing  the  amount  of  the  sediment  resuspension.  Thus  viewed, 
the  operation  designed  to  increase  the  dredging  efficiency  generally  increases 
tin1  sediment  resuspension  In  the  vicinity  of  tin*  cutter  head. 

'  KXI'FK  IMFN1  it)  OF.CKKASK  SKI) IMF  NT  KKSCSPEXSUIN 

Factors  causing  sediment  resuspension  by  a  cutter  suction  dredge  include 
natural  condition-,  relating  to  the  soil  and  tides  as  well  as  the  opet  .icing 
conditions  relating,  to'  the  speed  of  cutter  revolution,  swing  speed,  and  shape 
oi  a  cutter,  etc.  Of  these  factors,  measures  most  likely  to  decrease  sediment 
resuspens ion  are  those  concerned  with  the  operating  conditions.  Rv  experience, 
it  is  thought  t  h  it  the  following  steps  should  he  taken  to  decrease  resuspens ion 

a.  Slow  down  cutter  revolution. 

b.  Slow  down  swing  speed. 

c.  Stitt  dredging  from  the  ground  surface  and  decrease  tin* 
soil  thickness  to  lie  dredged  S'-  cat  ter  at  .1  time. 

d.  Increase  the  amount  nt  water  to  he  pumped. 

*  tie  operations  mentioned  above  are  ett.ctive  in  decreasing  .edirrent 
risiisp.ns  i  on  ,  hut  t  hev  also  tend  t<  d«-c  reuse  l  he  dredging  efficienc.  In 
order  to  minimize  the  sediment  resuspens  ion  without  greatly  low.  riu,  tit. 
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dredging  efficiency,  it  is  necessary  to  prevent  the  sediment  resuspension 
without  greatly  changing  the  existing  dredging  mechanism.  There  are  many 
factors  causing  the  sediment  resuspension  in  the  vicinity  of  the  cutter  head, 
but  the  biggest  factor  is  believed  to  be  the  scattering  of  the  dreaged  material 
by  the  centrifugal  force  of  the  cutter.  Therefore,  it  was  thought  that  a 
cover  around  the  cutter  may  help  decrease  the  sediment  resuspension  in  the 
vicinity  of  the  cutter  head.  A  modeling  test  was  conducted  to  ascertain  the 
effect  of  the  cover.  The  basic  design  of  the  cover  was  such  as  to  enclose  the 
cutter.  However,  a  study  was  also  made  cf  a  side  cover  in  the  swing  direction 
which  could  oe  closed  and  opened.  A  front  cover  that  may  obstruct  the  flow  of 
the  dredged  material  was  designed  to  be  removable. 


MODEL  TEST 


Basic  Policy  of  Experiment 


The  experiment  of  a  model,  unlike  that  of  a  prototype,  is  subject  to 
various  restrictions.  In  this  regard,  a  basic  policy  was  adopted  to  conduct  a 
study  on  the  following  three  points: 

a.  The  mechanism  causing  the  sediment  resuspension  in  the  vicinity 
of  the  cutter  head. 

b.  Hie  effect  of  preventing  the  sediment  resuspension  by  the  cutter 


Hie  effect  of  a  cutter  cover  on  the  dredging  efficiency, 


lest  Methods 


Tn  the  experiment  a  4,000-p.s.  pump  dredge  was  used  as  a  prototvpe  and 
tiie  Kroiule  model  rule  was  applied  at  a  scale  of  1  to  25.  The  operation  con¬ 
ditions  of  tile  prototype  and  the  model  are  shown  in  Table  1. 

fable  1.  Operating  Conditions  of  Prototvpe  and  Model 


...  .'’  ro  t  o  tj.  jH*  _ 


Model 


Pump  i  n>! 

Swine  Speed 

Cutter 

revolut.  ion 

Dredc i ng 

soil  t  ii  i  ckness 


5000  m/hr 
10  m/min 
20  rpm 


i  -  i  m 


27  ‘ /min 
A0-200  cm/min 
100  rpm 


he  experiments  wer**  conducted  with  various  operating  condition? 

i  ixed  e xc opt  H>r  swing  -.peed.  Hie  experiments  were  also  carried  out  on 
three  Jiiierent  kinds  o!  models:  a  standard  tvpe  cutter  model,  a  model 
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It  may  be  problematical  to  draw  a  quantitative  conclusion  on  the  basis  of 
the  test  conducted  alone;  however,  we  believe  a  considerable  trend  concerning 
sediment  resuspension  and  dredging  efficiency  could  be  detected.  The  follow¬ 
ing  are  some  of  the  salient  points  of  the  result  of  the  modeling  test: 


a.  Sediment  resuspension  in  the  vicinity  of  the  cutter  head  is 
caused  by  floating  and  suspension  of  the  dredged  material 
scattered  radially  around  the  cutter  mainly  due  to  the 
cutter's  centrifugal  force  and  the  dredged  material  remaining 
on  the  track  behind  the  cutter. 

b.  When  there  is  no  cover,  the  effect  of  the  water  flow  caused 
by  the  revolution  of  the  cutter  is  great  in  the  area  where , the 
swing  speed  is  low  and  the  sediment  resuspension  increases. 

This  sediment  resuspension  tepidly  decreases  in  the  under  cutting 
mode  at  a  swing  speed  of  100  cm/miu  (prototype:  5  m/min);  in 

the  over  cutting  mode  it  slowly  decreases  up  to  a  swing  speed 
of  220  cm/min  (prototype  II  m/min). 
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£.  When  a  cover  is  installed,  the  sediment  resuspension  occurring 
at  a  swing  speed  of  180  cm/min  (prototype:  9  m/min)  is  very 
small. 

jd.  With  or  without  a  cover,  the  sediment  resuspension  increases 
when  the  swing  speed  is  over  180  cm/min  (prototype:  9  m/min). 
This  is  largely  due  to  the  dredged  material  remaining  in  the 
track  behind  the  cutter. 

e.  When  the  front  cover  is  removed,  the  sediment  resuspension 

increases  greater  than  when  it  is  equipped  with  a  front  cover 
when  the  swing  speed  is  over  180  cm/min  (prototype:  9  m/min), 
but  it  is  still  good  enough  to  prevent  the  sediment  resuspension. 

_f*  Dredging  efficiency  is  shown  by  concentration.  In  this 

experiment,  the  over  cutting  concentration  is  about  one  half 
that  of  the  under  cutting. 

£.  When  the  cover  is  installed,  the  concentration  increases.  In 
over  cutting,  the  concentration  becomes  twice  as  much  as  when 
there  is  no  cover. 

h.  When  the  front  cover  is  removed,  the  dredging  efficiency  value 
stands  halfway  between  the  value  when  there  is  no  cover  and  when 
a  cover  is  installed. 

As  a  result  of  the  model  testing,  it  was  confirmed  that  the  cutter  cover 
is  effective  in  preventing  the  sediment  resuspension  in  the  vicinity  of  the 
cutter  head  and  increasing  the  dredging  efficiency.  It  was  particularly 
effective  when  over  cutting.  It  was  also  confirmed  that,  even  if  a  front 
cover  is  removed,  the  effect  of  preventing  the  sediment  resuspension  is  not 
much  different  when  there  is  a  cover  and  the  swing  speed  is  below  180  cm/min 
(prototype:  9  m/min). 


CONCLUSIONS 

The  modeling  test  was  successful  in  finding  out  the  mechanism  causing  the 
sediment  resuspension  in  the  vicinity  of  the  cutter  head  and  confirming  the 
effect  of  preventing  the  sediment  resuspension  by  a  cutter  cover. 

However,  many  problems  still  exist  that  have  to  be  solved  before  the 
cutter  cover  can  be  used  practically.  Further  studies  are  needed  on  the 
structure  of  the  cutter  cover,  operation  of  dredge,  etc.,  from  various  angles 
so  that  a  test  can  be  conducted  on  an  actual  dredge  in  the  future. 

BIBLIOGRAPHY 

Shosei  Iwata.  1960  (Mar).  "On  Cutter  of  Pump  Dredge."  Work  Vessel. 

Teishitsu  Joka  Kyokai,  Inc.  1975  (Mar).  "Study  on  Sediment  Resuspension  by 
Model  Testing  (Part  1).  A  research  report  on  the  disposal  methods,  etc., 
of  sludge  in  river  and  sea." 


440 


« 


Tokuji  Yagi.  1975  (Nov).  "Research  on  Sediment  Resuspension  by  Pump  Dredge." 
Work  Vessel. 

Leon  W.  F.  Joanknecht.  1976  (Jul).  "A  Preview  of  Dredge  Cutter  Head  Modeling 
and  Performance,"  Wodcon  7. 


441 


THE  LONG-TERM  EFFECTS  OF  DREDGING  OPERATIONS  PROGRAM 


T.  R.  Patin,  T.  L.  Hart,  C.  C.  Calhoun 
Environmental  Laboratory 

IT.  S.  Army  Engineer  Waterways  Experiment  Station 
P.  0.  Box  631,  Vicksburg,  MS  39180 


ABSTRACT 

In  October  1982  the  Long-Term  Effects  of  Dredging  Opera¬ 
tions  (LEDO)  Program  was  authorized,  funded,  and  initiated  under 
the  sponsorship  of  the  Office,  Chief  of  Engineers  (OCE) .  The 
stated  objectives  of  LEDO  are  to  provide  new  or  improved  state-of- 
the-art  technology  for  predicting  long-term  environmental  impacts 
of  dredging  operations  and  to  Improve  or  develop  methods  for  mini¬ 
mizing  any  adverse  impacts  associated  with  dredged  material  dis¬ 
posal.  The  program  presently  consists  of  five  separate  but  highly 
integrated  work  units  in  two  general  work  areas:  effects  of 
aquatic  disposal  and  effects  of  upland  disposal.  LEDO  is  planned 
as  a  continuing  program  since  applied  environmental  research  must 
address  current  problems  and  research  priorities  are  subject  to 
change.  The  program  is  managed  under  the  Dredging  Operations 
Technical  Support  (DOTS)  Program  at  the  Wbterway3  Experiment  Sta¬ 
tion  (WES).  This  paper  presents  the  status  of  the  program  in  its 
present  form  and  its  aims  in  the  near  future. 


INTRODUCTION 


Background 


By  the  early  1970's,  concerns  over  the  environmental  effects  of  dredging 
operations  reached  the  stage  where  Federal  legislation  mandated  the  Corps  of 
Engineers  (CE)  to  undertake  a  major  study  to  determine  the  environmental 
effects  of  dredged  material  disposal  and  to  develop  procedures  for  minimizing 
any  adverse  effects.  To  this  end,  the  Dredged  Material  Research  Program  (DMRP) 
was  initiated  in  1973  and  successfully  completed  in  1978  at  a  cost  of  approxi¬ 
mately  $33  M.  The  DMRP  provided  the  first  definitive  information  on  impacts 
of  dredged  material  disposal  and  dispelled  many  fears  expressed  at  the  time. 

Due  to  the  relatively  short  time  frame  of  the  DMRP  (5  years) ,  all  questions 
related  to  long-term  effects  of  dredged  material  disposal  could  not  be 
addressed.  Through  the  Dredging  Operation  Technical  Support  (DOTS)  Program, 
established  at  the  completion  of  the  DMRP,  low-level  monitoring  effort^  at 
selected  DMRP  field  sites  were  undertaken  and  limited  studies  have  beer!  under 
way  to  develop  first-generation  procedures  to  evaluate  long-term  effects. 


These  efforts  have  allowed  the  CE  to  continue  to  significantly  influence  the 
direction  of  criteria  and  guideline  development  on  a  national  and  interna¬ 
tional  Level  as  well  as  resolve  on  an  interim  basis  interpretation  conflicts 
with  other  regulatory  agencies.  These  conflicts,  however,  have  resulted  in 
costly  delays  on  major  Federal  as  well  as  non-Federal  projects. 

In  early  1980,  the  CE  realized  there  was  a  critical  need  for  research  on 
the  long-term  effects  of  dredging  operations.  The  Long-Term  Effects  of  Dredg¬ 
ing  Operations  (LEDO)  Program  is  designed  to  address  these  critical  needs  on 
a  continuing  basis.  The  specific  work  units  were  Identified  and  developed 
based  on  high  priority  needs  submitted  by  the  field  (Table  1),  close  coordi¬ 
nation  with  the  field  through  the  DOTS  Program,  and  consultation  with  EPA  and 
other  regulatory  agencies.  The  integrated  work  units  allow  specific  problems 
of  national  concern  to  be  addressed  while  maintaining  the  flexibility  to 
address  future  needs  resulting  from  changing  environmental  legislation  and 
interpretation  of  regulations.  The  work  units  are  grouped  into  two  general 
work  areas: 

a.  Effects  of  aquatic  disposal. 

b.  Effects  of  upLand  disposal. 

The  present  research  program  (FY  82)  consists  of  five  separate  but  highly 
integrated  work  units  in  the  two  general  work  areas.  The  work  units  are 
planned  on  a  five-year  basis;  however,  it  is  recognized  that  applied  environ¬ 
mental  research  must  address  current  problems;  consequently,  program  priorities 
may  change  during  and  after  the  five-year  period.  As  a  result,  the  program  is 
planned  as  a  continuing  program  designed  to  address  changing  priorities. 

TABLE  1.  LEDO  PROCRAM  WORK  UNITS 


Priority 

Work  Unit  Title 

1  Toxic  Substances  Bioaccumulation 

and  Biomagnification  in  Aquatic 
Organisms 


2  Environmental  Interpretation  of 
Consequences  from  Bioaccumulation 

3  Efficiency  of  Capping  in  Reducing 
Cumulative  Effects  of  Dredged 
MateriaL  Discharge 

4  Techniques  for  Predicting 
Effluent  Quality  of  Diked 
Containment  Areas 

5  Toxic  Substances  Bioaccumulation 
in  Plants 


Program  Objective 


The  principal  objectives  of  LEDO  are  to  provide  new  or  improved  tech¬ 
nology  to  predict  long-term  (including  cumulative)  environmental  impacts  of 
dredging  operations  and  to  address  methods  of  minimizing  any  adverse  impacts. 
The  technology  will  allow  the  CE  to  meet  its  dredging  and  regulatory  missions 
in  a  manner  that  is  environmentally  sound  while  reducing  or  eliminating 
unneeded  environmental  constraints  imposed  on  these  activities  by  other  regu¬ 
latory  agencies.  Such  technology  is  essential  in  the  planning,  design,  con¬ 
struction,  anil  operation  of  CE  dredging  projects  as  well  as  in  evaluating  per¬ 
mitted  activities.  Study  results  will  provide  a  valid  technical  basis  for  the 
Corps  to  continue  to  influence  the  direction  of  criteria  and  guideline  devel¬ 
opment  as  well  as  resolving  conflicts  with  other  regulatory  agencies.  Inher¬ 
ent  in  the  principal  program  objectives  is  that  technology  he  provide!  in  the 
form  of  usable  end  products  for  all  functional  elements  within  the  Civil  Works 
area  of  the  CE.  Costs  associated  with  the  technologies  will  be  presented.  It 
is  also  imperative  that  the  results  he  presented  in  a  manner  such  that  con¬ 
tinued  credibility  is  maintained  with  other  regulatory  agencies  and 
environmental-awareness  groups.  Therefore,  an  emphasis  will  be  placed  on 
presenting  research  results  in  the  technical  and  scientific  literature  while 
ensuring  results  are  immediately  available  to  the  field  through  normal  CE 
channels. 


WORK  AREA  A:  EFFECTS  OF  AQUATIC  DISPOSAL 

Three  work  units  that  address  long-term  effects  in  the  aquatic  environ¬ 
ment  have  been  initiated  at  present.  The  following  discussions  present  the 
work  unit,  the  progress  to  date,  and  the  benefits  hopefully  derived. 

Work  Unit  I:  Toxic  Substances  Bioaccumulation 
and  Biomagnif ication  in  Aquatic  Organisms 

The  objective  of  this  work  unit  is  to  develop  predictive  methods  for 
determining  the  rate  and  degree  of  bioaccumulation  and  biomagnification  of 
toxic  substances  from  cont.-  minated  dredged  material  by  aquatic  organisms. 

This  will  be  approached  b  determining  rates  and  maximum  levels  of  bioaccumu¬ 
lation  and  biomagnif ication  of  PCB's  and  other  toxic  substances  from  a  variety 
of  types  of  dredged  material.  Biological  techniques  for  use  by  CE  field  ele¬ 
ments  in  predicting  rates  and  levels  of  uptake  will  be  evaluated  and  refined. 
Chemical  procedures  for  rapid  prediction  of  rate  and  magnitude  of  bioaccumula¬ 
tion  from  sediment  will  be  developed  and  assessed.  In  addition,  the  magnitude 
of  biomagni f ication  will  be  determined  in  short  food  webs  including  benthic 
and  epibenthic  aquatic  organisms.  Finally,  the  potential  Lmpact  on  ecological 
and  human  health  will  be  evaluated. 

The  initial  Laboratory  studies  on  rates  and  maximum  levels  of  bioaccumu¬ 
lation  reached  when  aquatic  organisms  are  exposed  to  contaminated  sediment 
were  conducted  in  FY  82.  Species  studied  were  freshwater  clam  Co rbicula 
f luminea  and  the  freshwater  crustacean  Mac robrachuim  rosenbergii.  Concurrent 
with  these  studies  were  Investigations  of  rapid  methods  of  predicting  final 
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equilibrium  bioaccuraulation  levels  and  of  the  feasibility  of  predicting  ulti¬ 
mate  levels  on  the  basis  of  short  tests  and  geochemical  analysis  of  the  sedi¬ 
ments.  A  comprehensive  literature  review  on  food  web  biomagnification  in 
aquatic  organisms  was  begun  and  initial  Laboratory  biomagnification  studies 
were  conducted.  These  studies  included  a  short  food  chain  consisting  of  the 
marine  worm  Neanthes  arenaceodentata  and  the  fish  Leiostomus  xanthurus. 

Future  investigations  will  he  expanded  to  include  a  wider  range  of  fresh¬ 
water  and  saltwater  species  and  dredged  material.  Species  to  be  studied 
include  the  freshwater  minnow  Pimephales  promelas,  the  freshwater  crustacean 
Daphnia  nagna,  the  estuarine  clam  Rangia  cuneata,  the  marine  worm,  Neanthes 
arenaceodenta ta  and  the  estuarine  crustacean  Palaemonetes  pugio.  Investiga¬ 
tions  of  the  ability  to  predict  bioaccumulation  from  sediment  characteristics 
will  he  continued  and  the  literature  review  on  food  web  biomagnification  will 
be  completed. 

In  addition,  contaminants  which  are  most  often  accumulated  will  be  identi¬ 
fied  and  the  level  of  accumulation  of  these  contaminants  will  be  correlated 
with  sediment  characterization  and  interspecific  differences.  Finally,  the 
actual  extent  of  biomagnlf icatlon  in  aquatic  food  webs  will  be  quantified  and 
related  to  the  health  of  the  contaminated  organisms. 

Work  Unit  II:  Environmental  Interpretation 
of  Consequences  from  Bioaccumulation 


The  objective  of  this  work  unit  is  to  develop  and  evaluate  procedures  ft r 
predictive  interpretation  of  potential  environmental  effects  of  bioaccumula¬ 
tion  of  toxic  substances  from  dredged  material  by  aquatic  organisms.  This 
work  unit  ties  very  closely  with  Work  Unit  I  in  that  it  is  essentially  an 
interpretation  of  those  findings. 

The  biological  consequences  of  bioaccumulation  will  be  studied  in  aquatic 
animals  exposed  to  a  variety  of  types  of  dredged  material  containing  important 
organic  and  metallic  contaminants.  Correlations  of  bioaccumulation  with  bio¬ 
logical  parameters  such  as  reproduction,  growth,  and  developmental  abnormal¬ 
ities  will  he  determined  in  a  variety  of  representative  aquatic  organisms. 

The  bioLogical  parameters  selected  for  study  will  be  promising  first-generation 
techniques  which  have  not  been  developed  to  the  point  where  they  are  routinely 
used.  These  parameters  will  be  assessed  in  freshwater  animals  exclusively. 

The  magnitude  of  change  in  key  parameters  which  causes  deleterious  effects  to 
the  organisms  will  be  investigated  and  correlated  to  the  degree  of  tissue  con¬ 
tamination.  Through  this  approach,  results  of  mandated  bloaccumulation  studies 
can  be  realistically  interpreted  in  terms  of  potential  for  biological  harm. 

A  comprehensive  literature  review  has  begun  on  the  correlation  of  body 
burden  with  biological  effects  and  the  consequences  of  those  effects.  Prelim¬ 
inary  findings  of  the  review  indicate  that  future  efforts  should  concentrate 
on  the  effects  of  halogenated  hydrocarbons  on  the  most  sensitive  infaunal  and 
eplbenthic  species.  Those  portions  of  the  Life  cycle  which  appear  partic¬ 
ularly  vulnerable  should  Is  examined. 
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In  the  future,  laboratory  studies  will  he  initiated  to  aid  in  the  inter¬ 
pretation  of  consequences  of  bioacct*.muj.ation  based  in  part  on  the  findings  of 
the  literature  review  as  well  as  newly  generated  "state-of-the-art"  informa¬ 
tion.  These  studies  will  include  chronic  and  acute  effects  of  contaminated 
sediments  on  the  reproductive  potential  of  benthic  organisms.  These  organisms 
include  the  freshwater  flea  Oaphnia  magna ,  the  marine  worm  Neanthes 
arenaceodentata ,  and  the  estuarine  grass  shrimp  Palaemonetes  pugio.  In  addi¬ 
tion,  methodologies  will  be  developed  and  tested  to  determine  the  ecological 
survival  potential  of  most  sensitive  species.  These  investigations  will  be 
conducted  so  that  the  degree  of  tissue  contamination  may  be  related  to  the 
general  overall  health  of  aquatic  organisms.  This  relation  will  he  made  in 
light  of  the  regulatory  needs  of  the  permitting  process  and  of  disposal 
activities.  In  addition,  the  effects  of  bioaccumulation  on  the  most  sensitive 
species  and  life  stages  will  be  continued  and  expanded  to  include  additional 
organisms  and  testing  protocols.  This  information  will  be  examined  and 
related  to  short-term  bioassay /hioaccumulation  studies  currently  in  use  by 
field  personnel. 

W6rk  Unit  III:  Efficiency  of  Capping  in  Reducing  the 
Cumulative  Effects  of  Dredged  Material  Discharge 

The  obiective  of  this  work  unit  is  to  evaluate  the  adequacy  of  predictive 
techniques  for  evaluating  cumulative  effects  through  onsite  field  investiga¬ 
tions.  This  will  be  approached  through  field  studies  which  will  determine  the 
overaLl  effects  of  disposal  and  aid  in  refining  capability  for  predicting 
environmental  Impacts.  The  environmental  efficiency  of  capping  contaminated 
material  with  clean  material  will  be  determined.  Routine  dredging  operations 
will  he  modified  so  that  similar  portions  of  the  dredged  material  are  dis¬ 
charged  at  two  separate  points.  One  will  be  capped  and  the  other  uncapped. 
Effects  of  the  two  discharges  will  he  compared. 

Six  operations  suitable  for  studying  the  effects  of  reoetitious  dis¬ 
charges  and  capping  have  been  surveyed.  In  addition,  numerous  previous  cap¬ 
ping  operations  have  been  reviewed  and  critically  analyzed  to  provide  a  sound 
scientific  basis  for  this  study. 

In  the  future,  one  of  the  cooperative  studies  discussed  earlier  will  be 
selected  and  initiated  with  modifications  as  appropriate  based  on  findings. 
Disposal  operation  in  which  part  of  the  material  is  capped  and  part  is 
uncapped  will  be  conducted.  Levels  of  specific  contaminants  in  organisms 
inhabiting  both  the  capped  and  uncapped  areas  will  be  determined.  This  will 
provide  the  basis  for  assessing  the  efficiency  of  capping.  Furthermore,  the 
movement  of  contaminants  and  bioaccumulation  in  key  species  at  the  capped  and 
uncapped  sites  will  continue  to  be  studied  to  determine  long-term  cap  stabil¬ 
ity  and  effectiveness  over  time. 

Benefits 


Recent  legislation  requires  the  CH  to  assess  long-term  effects  of  dredged 
material  disposal  on  Federal  and  non-Federal  dredging  projects.  However, 
long-term  effects  of  dredged  material  disposal  are  not  well  understood  and 
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this  lack  of  understanding  has  resulted  in  costly  delays  on  Federal  and  non- 
Federal  projects  and  often  in  the  imposition  of  questionable  environmental 
constraints.  The  national  emphasis  on  development  of  coal-export  lag  facili¬ 
ties  will  increase  the  number  of  major  dredging  projects,  hack  of  information 
on  long-term  effects  can  significantly 'delay  these  projects  since  they  are 
subject  to  international  agreements  as  well  as  national  environmental  legisla¬ 
tion.  Efforts  within  this  work  area  will  provide  guidance  to  the  field  for 
assessing  potential  impacts  and  on  methods  of  minimizing  any  adverse  impacts 
of  the  disposal  of  dredged  material.  Results  of  these  studies  are  necessary 
to  permanently  resolve  current  conflicts  on  specific  major  dredging  projects 
where  only  interim  resolutions  have  been  reached  with  other  regulatory  agen¬ 
cies.  In  a  recent  meeting  of  a  technical  committee  of  the  London  Dumping 
Convention,  the  concept  of  capping  as  a  mitigating  measure  for  disposal  of 
contaminated  dredged  material  in  the  ocean  was  accepted  contingent  upon  the 
results  of  further  research  on  the  effectiveness  of  the  method.  In  summary, 
these  studies  are  required  in  order  for  the  CE  to  meet  Congressionaily  man¬ 
dated  requirements  on  assessing  long-term  impacts  of  dredged  material  dis¬ 
posal. 

I 

WORK  AREA  B:  EFFECTS  OF  UPLAND  DISPOSAL 

j 

Two  work  units  that  address  long-term  effects  in  the  upland  environment 
have  been  initiated  at  present.  i 

Work  Unit  IV:  Techniques  for  Predicting  Effluent 
Quality  of  Diked  Containment  Areas  ( 

i 

The  objective  of  this  work  unit  isi  to  develop  procedures  for  estimating 
the  leveL  of  contaminants  in  dredged  material  containment  area  effluents.  The 
research  approach  will  Involve  both  field  and  laboratory  investigations.  Con¬ 
fined  disposal  operations  will  be  nonitored  for  conceptual  development  of  lab¬ 
oratory  tests  for  predicting  effluent  quality  of  containment  areas.  A  compu¬ 
tational  procedure  will  then  be  developed  for  determining  before-the-fact 
requirements  of  the  mixing  zone.  Verification  of  the  developed  procedures 
will  be  accomplished  at  several  field  sites  under  varying  flow  and  operational 
conditions.  i 

| 

A  first-generation  modified  elutriate  test  has  been  developed  in  the  lab¬ 
oratory  using  sediments  from  four  disposal  operations.  In  addition,  prelimi¬ 
nary  field  verification  in  support  of  the  laboratory  work  has  been  accom¬ 
plished  . 

Future  research  will  involve  field1  verification  of  the  modified  elutriate 
test  procedure  to  accurately  simulate  retention  time,  settling  regime,  and 
other  conditions  within  a  disposal  areai.  Additionally,  development  of  an 
interim  technique  for  prediction  of  contaminant  levels  in  disposal  area  efflu¬ 
ents  will  be  conducted.  The  technique  will  use  the  modified  elutriate  test  as 
a  basis  and  will  account  for  transport  of  particulates  and  associated  contami¬ 
nants  in  the  disposal  area  supernatant  waters.  Finally,  sites  for  later  field 
verification  of  the  predictive  technique  will  be  selected  and  predictive  tests 
for  field  verification  will  he  carried  but. 
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Work  Unit  V:  Toxic  Substances  Bioaccumulation  in  Plants 

The  objective  of  this  work  unit  is  to  develop  methods  to  determine  bio- 
accuraulatiim  of  toxic  substances  in  plants  on  dredged  material  disposal  sites. 

The  approach  will  initially  involve  determining  the  movement  of  toxic  sub¬ 
stances  from  dredged  material  into  both  freshwater  and  saltwater  plants  and 
the  level  of  bioaccumula tion  in  the  tissues.  A  variety  of  types  of  dredged 
material  will  ->e  studied  under  both  flooded  and  upland  disposal  environments. 

A  standardized  plant  bioassay  predictive  methodology  will  then  be  developed. 
Results  of  the  plant  bioassay  tests  will  be  interrelated  to  existing  data 
bases  ot.  toxic  substances  by  plants  through  contracts  with  (1)  the  Institute 
of  Soil  Fertility,  Haren,  The  Netherlands,  for  agronomic  plants  grown  on  con¬ 
taminated  Dutch  sediments;  (2)  the  University  College  of  Wales,  Aberystwyth, 
Wales,  UK,  for  agronomic  plants  and  saltmarsh  plants  grown  on  metal  mining 
waste;  (3)  USDA  Beltsville,  MD,  for  agronomic  plants  grown  on  sewage  sludge 
amended  soils;  and  (4)  the  Delta  Institute  of  Hyd robiological  Research, 

Yerseke,  The  Netherlands,  for  saltnarsh  plants  grown  on  contaminated  sedi¬ 
ments.  These  contracts  will  substantially  enhance  the  Interpretation  of  plant 
bioassay  test  results. 

The  purpose  of  these  contracts  vilL  be  to  compare  the  WES  data  on  plant 
uptake  of  toxic  substances  by  Cyperus  esculentus  to  existing  data  from  other 
researchers  on  other  plant  species  in  order  to  take  advantage  of  previous 
research  results  and  to  enhance  the  interpretation  of  the  meaning  of  plant 
uptake  data  on  dredged  material. 

In  1982,  under  Freshwater  Bioassay  Development,  comparison  of  results  of 
laboratory  tests  to  field  tests  were  conducted,  but  were  limited  to  specific 
disposal  sites.  Plant  uptake  of  toxic  substances  by  Cyperus  esculentus  was 
compared  to  other  plant  species  in  The  Netherlands,  Wales,  and  the  United 
States. 

In  addition,  development  of  laboratory  procedures  for  a  saltwater  plant 
bioassay  was  initiated  in  1982.  Spartina  altemiflora’s  growth  and  uptake  of 
toxic  metals  from  mining  waste  contaminated  sediments  were  compared  in  labora¬ 
tory  and  field  tests  in  Wales,  UK. 

Continued  comparison  of  results  from  laboratory  and  field  plant  bioassay 
testing  is  planned  for  the  future.  Comparison  of  plant  uptake  of  toxic  sub¬ 
stances  by  Cyperus  esculentus  to  agronomic  crops  grown  on  sxudge- am ended  soils 
and  complete  plant  bioassay  testing  of  toxi_  metal  mining  waste  in  Wales,  UK, 
will  continue.  Also,  development  of  field  test  procedures  will  be  updated  as 
needed . 

In  addition,  development  of  the  laboratory  saltwater  plant  bloassay  pro¬ 
cedures  will  continue.  The  completion  of  the  comparison  of  Laboratory  and 
field  plant  bioassay  tests  in  Wales,  UK,  will  oe  supported  by  Dutch  studies 
comparing  contaminant  uptake  by  Spartina  alterniflora  to  other  saltmarsh 
plants  grown  on  contaminated  sediments. 
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It  is  planned  that  the  freshwater  plant  bioassay  will  be  available  in  1985 
and  the  saltwater  plant  btoassay  by  1986. 

Benefits 

Effluent  discharges  from  containment  areas  into  waters  of  the  United  States 
are  legally  defined  as  dredged  material  and  consequently  are  subiect  to  the 
Corps'  Section  404  regulatory  authority.  These  discharges  are  also  subiect  to 
more  stringent  State  regulations.  The  containment  areas  are  subiect  tc  the 
National  Environmental  Policy  Act  and,  in  some  instances,  may  be  subiect  to 
the  Resource  Conservation  and  Recovery  Act.  These  acts  require  evaluations  of 
impacts  at  or  beyond  the  present  state  of  knowledge.  The  results  of  studies 
in  this  work  area  will  allow  the  CE  to  make  tne  Congressionally  mandated  evalu¬ 
ations,  The  plant  bioassays  will  allow  for  more  sound  decisions  to  be  made 
regarding  disposal  alternatives  (e.g.,  aquatic,  wetland,  and  terrestrial). 
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ABSTRACT 

This  paper  describes  the  functions,  charac¬ 
teristics,  and  turbidity  prevention  or  controlling 
effect  of  specialized  dredges  designed  for  boctom 
sediment  dredging  and  developed  for  exclusive 
practical  use. 

In  bottom  sediment  dredging,  the  prevention 
or  controlling  of  turbidity  arising  from  tm 
dredging  operation  is  an  important  problem. 

When  compared  with  cutter  suction  dredging, 
the  specialized  dredges  can  significantly  reduce 
tlie  potential  generation  of  turbidity. 

INTRODUCTION 

Since  the  late  llbO's,  Japan  has  made  remarkable  progress  in 
economy  and  industry. 

As  a  result  of  coastal  development  and  factory  construction, 
deterioration  of  the  environmental  conditions  and  hazardous  pollution 
in  water,  air,  noise,  or  vibration  have  frequently  taken  place.  For 
these  reasons,  strict  regulations  and  laws  have  been  imposed  on  the 
sources  o.l  pollution.  One  environmental  goal  is  the  removal  of  sedi¬ 
ments  containing  toxic  materials  such  as  mercury  and  PCS,  a  large 
amount  of  oil,  or  organic  substances,  and  improvement  of  the  water 
quality. 

Removal  of  the  contaminated  sediment  would  improve  the  quality  of 
the  water.  therefore,  removal  must  be  carried  out  without  secondary 
pollution  likely  to  accompany  removing  work.  In  the  past,  this  has 
been  difficult  to  perform.  lo  solve  this  problem,  we  have  developed  a 
"K E >•  RESHI.K  , "  ant  i  -pol  lot  ion  dredging  system,  based  on  the  convent  ional 
cutter  suction  dredge,  and  are  performing  sediment  removing  works  using 
this  sy  si em . 


When  compared  with  the  conventional  suction  dredging,  the  REFRESHER  anti¬ 
pollution  dredging  system  has  accomplished  the  specified  purpose  of  preventing 
secondary  pollution. 

FUNCTIONS  NECESSARY  FOR  BOTTOM  SEDIMENT  DREDOES 

Almost  all  dredging  works  to  date  have  been  conducted  for  land  reclamation 
and  deepening  and  maintaining  navigation  channels  and  anchorages  for  increasing 
traffic  and  safety. 

However,  bottom  sediment  dredging  is  intended  to  improve  water  quality 
and  therefore  must  be  undertaken  without  causing  secondarv  pollution.  Bottom 
sediments  are  thin  layers  with  high  water  contents  containing  silt,  clay, 
debris,  and  other  organic  substances  as  well  as  toxic  materials. 

Iherefore,  for  specialized  dredges  to  dredge  bottom  sediments  with 
safetv,  within  a  short  period  of  time,  and  in  an  economical  way  they  must 
provide  tile  following  functions: 

a.  I  he  dredge  must  fully  and  completely  remove  bottom  sediments 
and  prevent  generation  of  turbidity.  Although  we  want  to 
prevent  the  generation  and  dispersion  of  turbidity  arising 
from  dredging,  we  must  examine  the  factors  contributing 
to  the  generation  of  turbidity  in  the  conventional  cutter 
suction  dredges: 

( 1  )  lurb id  i  t_y_  ar i^inj^_f_ro_m_t_he_c_vi_tj:_e_r__s_uc_t_i.on_  dredging  operation. 

As  the  cutter  used  for  dredging  sandy  materials  and  convey¬ 
ing  in  the  suction  mouth  is  rotating,  the  materials  not 
taken  into  the  suction  mouth  are  scattered.  Figure  1  shows 
the  cutter  used  for  the  model  test  and  the  turbidity 
arising  with  cutter  operating  at  a  low  speed.  This  tur¬ 
bid  i tv  occurred  frequently  at  the  rear  side  of  the  cutter 
and  stayed  along  the  cuts  or  windrows. 


Figure  I.  Dredging  experiment  bv  cutter  model 


and  spuds.  Dispersion  and  agitation  of  dredged  sandy  materials 
take  place  when  the  anchors  and  spuds  are  inscalled/reinstalled. 


(3)  Turbidity  arising  from  the  maneuver  of  dredges.  Silty /clayey 
materials  attached  to  the  wires  of  dredges  are  scattered  when 
the  swing  wires  are  used  for  swinging  right  and  left  and  the 
anchoring  wires  for  smooth  shifting  are  set. 

( 4 )  i urb id itv  caused  by  the  lower  part of  the  ladder  head  when 
dredging  is  conducted  in  shallow  waters  and/or  in  thick  layers. 
While  gaining  access  to  the  bed  point,  the  ladder  head  causes 
water  currents  that  scatter  the  dredged  material,,  thereby  caus¬ 
ing  turbidity. 

Of  these  tour  factors,  factors  (2)  and  (3)  are  disregarded  due  to 
negligible  turbidity  generation.  However,  factors  (1)  and  (4)  are 
considered  influential.  iherefore,  measures  to  prevent  turbidity 
generation  shall  be  focused  on  the  turbidity  arising  from  the  cutter 
suction  dredging  operation  and  turbidity  caused  by  the  ladder  head. 

Complete  removal  of  bottom  sediments  is  necessary.  Sandy  materials 
excavated  bv.  the  cutter  are  conveyed  into  the  suction  mouth.  As  the 
ladder  angle  (the  dredging  depth)  increases,  the  suction  mouth  posi¬ 
tion  becomes  higher  from  the  sea  bottom  and  all  of  the  sandy  mate¬ 
rials  are  not  conveyed  to  the  suction  mouth  and  part  of  the  material 
is  scattered  behind. the  cutter.  When  dredging  in  thin  layers, 
such  as  in  bottom  sediments,  additional  excavation  is  necessary  to 
obtain  the  required  depth  and,  therefore,  an  additional  volume  of 
dredging  is  inevitable.  For  the  dredging  of  the  bottom  sediments, 
the  minimum  volume  of  additional  dredging  is  required  to  conduct  the 
complete  removal  of  the  designed  dredging  materials  to  increase 
efficiency  in  transport  and  disposal  of  the  bottom  sediments. 

i he  dredge  must  excavate  the  bottom  sediments  in  high  concentration. 
When  dredging  chin  lavers  of  tiie  bottom  sediments  by  cutter  suction 
dredges,  tiie  suction  mechanism  takes  in  surplus  water  and  has  a  low 
mud  concentration.  When  placing  bottom  sediments  at  the  disposal 
areas,  less  spill  wat'T  is  preferable  because  of  the  difficulty  in 
securing  disposal  areas.  Therefore,  high  concentration  dredging  is 
preferable. 

Competent  operation  of  tiie  dredges  is  necessary.  Operators  of 
dredges  must  prevent  generation  and  dispersion  of  the  bottom  sedi¬ 
ments  and  most,  dredge  in  high  concentration.  Though  dredges  can 
provide  tne  above-described  functions,  they  do  not  necessarily  do  so 
because  of  genteciiiii.  il.  topographical,  or  operating  conditions. 

I  in'  re  i  ore ,  operators  must  confirm,'  while  dredging,  that  the  generation 
mb  dispersion  of  turbidity  are  prevented  and  that  the  bottom  sediments 
are  completely  removed.  In  addition,  operators  must  understand  the 
proper  tiiickness  of  the  bottom  sediments  to  be  dredged,  and  must 
main: a  in  a  high  concentration,  proper  swing  speed,  and  other  optimal 
operating  conditions. 


CHARACTERISTICS  OF  THE  REFRESHER  ANT  I -POLLUTION  DREDGING  SYSTEM 


Functions 


Figure  2  and  the  following  paragraphs  show  a  concept  of  the  REFRESHER 
which  provides  the  functions  necessary  for  dredging  the  bottom  sediments. 


Fipr 


Figure  2.  Concept  ot  REFRESHER  system 
a.  Prevention  of  turbidity  and  complete  removal  of  the  bottom  sediments. 
Prevention  of  turbidity 
(1)  Gather  head  (see  Figure  3) 

The  gather  head  is  a  ribbon  blade  with  a  reducing  spiral  at  the 
front  end.  It  causes  less  scattering  by  centrifugal  force  of 
sand,  and  collects  the  sand  in  the  suction  side  while  cutting  a 
variety  of  earth,  from  soft  mud  to  hard  ground.  Revolution  of 
gather  head  is  convertible  to  cope  with  the  property  of  the 
earth  to  be  dredged,  the  dredging  thickness,  and  the  swing 
speed . 
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Figure  ,.  acner  head 


(2)  Cover  and  shutter 

Figure  4  shows  a  front  and  side  /lew  of  Che  special  mud  collector. 
As  shown  in  the  figure,  the  cover  which  completely  conceals  the 
gather  head  has  a  shutter  adjustable  to  open  or  shut  by  an  adjuster 
plate  for  suction  water  and  is  structured  such  that  it  does  not 
leak  anv  turbidity  generated  by  dredging. 

(3)  Check  valve,  gas  collector,  and  other  equipment 

Check  valves  at  the  suction  and  discharge  side  of  the  pump  pre¬ 
vent  the  back  flow  ot  the  sediment  water  into  discharge  pipes  in 
an  emergency.  The  gas  collector  apparatus  (shown  in  Figures  2 
and  4)  collects  the  gas  produced  while  dredging  and  delivers 
tlie  gas  to  the  suction  pipe. 

Comp le te_  removal  of  the  bottom  sediments 

(1)  Position  controller  (Figure  5) 

I'he  position  controller  controls  the  revolution  loci  of  the 
gather  head  to  the  angle  parallel  to  the  ground  and  to  control 
this  angle  to  meet  the  dredging  depth  and  will  attain  the  com¬ 
plete  dredging  without  any  sediment  residue.  Moreover,  in  this 
case,  the  maximum  prevention  of  sediment  dispersion  will  be 
attained  and  condition  of  dredged  loci  will  have  no  wave  types 
with  a  less  excavation  surplus  after  dredging. 
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Underwater 
TV  camera 


Underwater  TV  canfera 


(a)  Front  view  '  (b)  Side  view 

Figure  4.  Special  mud  collector 

Turbidimeter 


(a)  Shallow  dredging  (-3.5m) 


(b)  Deep  dredging  (-20.0m) 

Figure  3.  Angle  adjustment  by  position  controller 
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High  concentration  dredging 

(1)  Ladder  pump  and  ship  pump 

A  centrifugal  pump  is  provided  at  the  ladder  to  conduct  suction 
of  the  sediments  in  high  concentration.  In  addition,  a  ship 
pump  is  used  in  combination  for  discharging  dredged  sediments 
for  a  long  distance.  A  series  operation  of  ladder  pump  and 
ship  pump  will  be  able  to  discharge  the  dredged  material  about 
3000  m. 

(2)  Cover,  shutter,  and  other  equipment 

Cover,  shutter,  suction  control  plate,  position  controller,  etc., 
help  prevent  excess  water  in  high  concentration  dredging. 

Operation  monitoring 

Monitoring  turbidity 

(1)  Monitoring  by  underwater  TV  camera 

An  underwater  TV  camera  is  installed  at  the  top  of  the  cover; 
operators  can  observe  the  turbidity  conditions  above  the  head 
at  any  time  from  the  monitor  in  the  operation  room.  The  system 
consists  of  an  underwater  camera,  a  monitor  TV  video  system,  and 
a  recording  of  the  date  on  the  picture.  Figure  6  shows  a 
monitor  and  video  system  in  the  operation  room. 

(2)  Monitoring  by  turbidimeter 

The  picture  on  the  monitor  cannot  indicate  the  extent  of  turbidity 
quantitatively.  Therefore,  a  sensor  or  turbidimeter  is  set  at 
the  same  point  as  the  TV  camera  and  operators  can  observe  the 
turbidity  conditions  by  monitoring  the  TV  and  its  extent  by  the 
turbidimeter. 

Understanding  operating  conditions 
(1)  Dredging  depth  meter 

To  understand  the  correct  water  depth  before  and  after  dredging, 
sets  of  a  transmitter  and  a  receiver  of  the  echo  sounder 
are  installed  at  both  sides  of  the  cover.  As  the  measured 
result  is  indicated  and  recorded  in  the  operating  room,  the 
operator  can  promptly  find  the  dredging  depth,  dredging  earth 
thickness,  and  operation  conditions,  and  can  ensure  that  the 
dredging  is  fully  completed  to  the  required  thickness  (see 
Figure  6). 
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Figure  6.  Monitor  TV  and  echo  sounding  recorder 
Transpio-tut  i_on  Methods 

In  the  REFRESHER  system,  two  transportation  methods  are  available:  ba 
loading  and  pipeline  (see  Figure  7). 

At  present,  the  REFRESHER  system  dredges  are:  REFRESHER  N'o.  6  Fuyo; 
REFRESHER  N'o.  i,  and  MINT-REFRESHER  Tokyo  Maru.  The  former  two  dredges  are 
suitable  for  dredging  large-  to  medium-scale  work  such  as  a  large  amount  of 
sediments  promptly  deposited  over  the  wide  range;  the  MINI-REFRESHER  Tokyo 
Maru  is  a  portable  dredge  suitable  for 1  small-scale  work  in  narrow  areas. 


(a)  Barge  loading  method 


(b)  Pipeline  method 


Figure  7.  Transportation  methods 

Sped  f  ications 

Various  characteristics  of  the  REFRESHER  system  have  been  described. 

(.iven  below  art  the  main  specifications;  Figure  8  gives  the  general  arrangement 
oi  REFRESHER  No.  3  for  easier  reference. 

C.eneral  items 

Dreddng  depth: 

Discharge  distance: 

Dredging  capacity: 

Hull  dimensions; 

Displacement  at  full  load 
Draft  at  full  load: 

Special  mud  collector 

Mud  collector  drive  unit 
Shutter: 

Position  controller: 

Das  collector: 


/  <r  o 
*4  JO 


DC  100  kw,  3—15  rpm 
Hydraulically  remote  control 

M 

Ejecter  system 


3.5  to  20.0  m 
Barge  loading,  3000  m 
150-400  nJ/hr 

L.45.60  m  :<  B.  13.50  m  •-  D.3.30  m 
1200  tons 
2 . 20  m 


V 


Figure  8.  General  arrangement  of  REFRESRER  No. 


Dredging  pump 


i 

i 


r 


> 

t  t 
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Type 


Ladder  pump 
Centrifugal 


Ship  pump 
Centrifugal 


Nominal  shaft 
Horsepower 
Capacity 
Total  head 
Rpm 

Prime  mover 


150  PS 

800  to  2000  m3/hr 
10  to  20  m 
490  to  700 
AC  110  kw 


-Frequency 

^control 

Suction  pipe  dia. /Discharge  pipe  dia. 
Suction  check  valve,  change  over  valve 


conversion 


1800  PS 

800  to  2000  m3/hr 
20  to  50  m 
200  to  310 
D  2000  PS 
(Diesel  engine) 

400A/400A 


Operation  monitoring  system 
Underwater  monitoring  TV: 

Turbidity  monitoring: 
Dredging  depth  meter: 


Underwater  TV  camera,  monitoring 
video,  light 
Underwater  turbidimeter 
Echo  sounder 


TURBIDITY  PREVENTION  BY  REFRESHER  SYSTEM  DREDGES 

The  REFRESHER  anti-pollution  dredging  system  was  developed  for  practical 
use  in  preventing  turbidity  arising  from  dredging.  Illustrated  and  explained 
below  are  the  results  of  our  investigation  into  the  turbidity  around  ladder 
heads  of  conventional  cutter  suction  dredges  and  REFRESHER  dredges. 

Turbidity  by  Cutter  Suction  Dredges 


The  dredging  work  in  Port  Y  (see  reference  1)  involves  dredging  of  an 
anchorage  area  (10  m  deep,  about  135,000  m2  in  dredging  area,  and  about 
530,000  ra2  in  dredging  volume)  by  means  of  cutterless  suction  dredging  (with¬ 
out  the  cutter)  of  l.i-  to  1.7-m-thick  upper  layers  of  soft  clays  and  cutter 
suction  dredging  of  1.9-  to  3.0-tn-thick  lower  layer  (Figures  9  and  10). 


Figure  9.  Cutterless  suction  dredging 
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Figure  10.  Cutter  suction  dredging 


Stated  below  are  the  particulars  of  the  dredge,  physical  properties  of 
the  dredged  material,  operation  conditions,  and  investigation  results  of  the 
turbidity. 


Major  Specifications  of  tiie  Dredge 

General  items 

Hull  dimensions: 

Displacement  at  full  load: 

Draft  at  full  load: 

Discharge  distance: 

Dredging  capacity: 

Dredging  depth: 

Dredging  pump:  Prime  mover: 

Physical  Properties  of  Dredged  Material 


No.  6  Fuyo 


L. 53. 68  m  *  B. 14.00  m  *  D.3.81  m 
1880  tons 
2.  74  m 

5000  m  , 

200  to  1300  m  /hr 

(Mud  concentration  of  more  than  30%) 
6  to  21  in 

F.P.  Gas  Turbine  (Nominal)  4000  PS 


Specific  gravity: 
Grain-size  distribution 
I’pper : 


Lowe 


r : 


2.63  -  2.70 

Silty  clay  (Partly  about  15%  sand 
inclus ive ) 

Silty  clay  (Partly  about  50%  of  sandy 
gravel  inclusive) 


L'et  density 
I'pper : 
Lower : 


1.25  -  1.40  g/cm3 
1.50-  g/cm 
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Figure  12.  Measurement  points  around  dredge 


The  highest  velocity  of  the  curren,.  during  the  surveying  period  was  only 
about  5  cm/sec,  not  enough  to  cause  any  influence. 

The  investigation  results  are  summarized  below. 


Swing  speed,  rpm  of  the  cutter,  dredging  thickness,  etc.,  of  every  item 
of  the  operation  conditions  greatly  affect  turbidity  generation  during  cutter¬ 
less  suction  dredging.  Figure  lj  shows  the  relation  between  the  dredging 
thickness  and  SS  at  the  time  of  the  cutterless  suction  dredging.  Note  that 
the  larger  the  dredging  thickness,  the  more  the  SS  increases. 


Measurement  point 


Figure  1  !. 


Relation  between  dredging  thickness  and  SS 
(cut  ter less  suction  dredging) 


Swing  sPettl,  swing  direction,  etc.,  were  not  found  to  influence  turbidity 
during  cutter  suction  dredging.  Figure  14  shows  the  average  SS  values  at 
respective  measuring  points  during  cutterless  suction  dredging  and  cutter  suc¬ 
tion  dredging.  Turbidity  during  cutterless  suction  dredging  was  almost  half 
that  of  cutter  suction  dredging. 


i  A  i  B)  C  !))  K  K  G  H 


Metsur^mrnt  point 

Figure  14.  Comparison  in  SS  of  ladder  heads  between  cutter  suction 
dredging  and  cutterless  suction  dredging 

Figure  15  shows  turbidity  in  areas  and  in  degrees  during  cutter  suction 

dredging.  According  to  Figure  15,  when  turbidity  from  cutter  suction  dredging 

falls  to  5  m  <  10  m,  turbidity  in  degrees  averages  100  to  200  mg/1  SS.  If 

continuous  generation  of  100  to  200  mg/1  turbid  water  is  assumed  within  this 
area,  the  turbidity  is  generated  at  a  rate  of  500  mVmin  (=  5  m  < 

10  m  *  10  m/min)  for  a  swing  speed  of  10  m/min. 
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Figure  13.  lurbidity  in  areas  and  in  degrees  by  cutter 
suction  dredging.  Forts ide  in  bracket 
I’nit:  SS,  mg/. 


1  able  2  indicates  the  net  contents  ot'  the  turbidity  generation,  taking 
into  consideration  the  operation  conditions  and  the  dredging  volume  during 
cutter  -.action  dredging.  About  3  tons  of  turbidity  per  hour  is  generated. 
Most  or  the  generating  turbidity,  however,  settles  to  the  sea  bottom. 


i able  2.  Set  contents  of  turbidity  generation  (cutter  dredging)  (1) 

lurbidity  Min-'Hr  turbiditv  Dredging  Net  contents  of 

Swing  speed  area  Average  generation  volume  turbiditv  genera- 

int  'min )  <:--)  SS  (mg/1)  (t/min)  (t/hr)  (at  Vhr)  tion  (t/nh 


ID 


200 


30 


0.10  3.19  600  8-10 


(3  -  ID)  (100-200/ 


Figure  1  6  is  tiie  result  of  measurement  of  tire  turbiditv  around  the  dredge, 
i  he  fig, ure  shows  that,  altlumgii  the  turbidity  is  observed  at  points  7  m  (sea 
bottom  -10  m)  below  water  level,  the  turbidity  is  much  smaller  than  around 
the  ladder  head,  .‘mother  investigation  conducted  at  a  remote  point  revealed 
that  the  influence  over  turbidity  is  nearly  nonexistent  over  i 00  nv  beyond  the 
dredge.  ‘ 
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Figure  lb.  turbidity  around  dredge 


turbidity  by.  REFRESHER  dredge  ( T  Bay) 

Bottom  sediment  dredging  work  in  T  Bav  involved  about  300,000  m“  in 
dredging  area  and  about  130,000  in  dredging  volume.  The  REFRF.SHER  system 
lias  dredged  the  bottom  sediments  in  about  half  the  designated  area,  transported 
by  means  of  pipelines  to  the  disposal  area. 


Major  Specifications  of  tiie  Dredge  REFRKSHKR  No.  6  Fuyo 
Oeneral  items 


Hull  dimension  L.53.68  m  <  B.14.00  m  *  D.3.81  m 

Displacement  of  full  load:  1880  tons 

Draft  at  full  load:  2.74  m 
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Barge  loading  -  5000  m 
200  to  1,300  m/hr 
6  to  21  m 


Discharge  distance: 
Dredging  capacity: 
Dredging  depth: 

Dredging  pump 

Type : 

Nominal  shaft: 
Horsepower : 

Capacity: 

Total  head: 


Ladder  pump 
Axial  flow 

200  PS 

700  to  5000  m3/hr 
4  to  7  in 


Ship  pump 
Centrifugal 

3600  PS 

700  to  5000  m3/hr 
10  to  100  m 


Operation  monitoring  system 
Same  as  KEFRESHKR  No.  3 
Physical  Properties  of  Dredged  Material 


Physical  properties  of  the  dredged  material  are  indicated  in  Table  3. 
The  dredged  material  is  sandy  silt. 

fable  ).  Phvsical  properties  of  dredged  material  (1) 


Cram-size  distribution  (%)  Natural 

- -  water  content  Wet  density 

Sand  Silt  Clay  (7,)  •  (g/cm^) 


Specific  gravity 


2.68  -  2.80  7-19  65-75  10-18  146  1.30  -  1.32 


Operating  Conditions 

fable  4  indicates  the  operating  conditions. 

Table  4.  Operating  conditions  (2) 


Swing  speed 
(m/rnin) 

(lather  head 
rpm 

Dredging 

thickness 

(m) 

Spud  moving 
interval 
(m) 

Dredging 

depth 

(m) 

Flow  rate 
in  pipe 
(m/sec) 

5  -  10 

3 

1 

o 

Co 

2.5 

7.0  -  9.0 

3.0 

Note:  Diameter  of  discharge  pipe:  610  mm 


Turbidity  Investigation  Details  and  Results 

To  comprehend  the  scope  and  extent  of  turbidity  around  the  ladder  head, 
turbidity  was  measured  by  installation  of  the  turbidisensor  at  the  phases 
shown  in  Figure  17.  The  turbidity  measured  at  points  0.5,  2.0,  and  5.0  m 
below  the  water  level  are  shown  in  Figure  18.  The  turbidity  was  measured  at 
points  1  through  9  at  three  different  depths. 
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abr.it  4.5m — 


-about  4.5m- 


-• —  2.0m — —■  2.0m 


Swing  direction 


(a)  Front  view 


(b)  Side  view 


Figure  17.  Checking  position  of  ladder  head 


50.0m  —  50.0m 


9 ;  8 


6*  ~  I 


—  -  Drubpn*  width  “ 

Figure  18.  Measurement  points  around  dredge 


The  relation  SS  =  1.5  Tb  was  obtained  and  the  currentt  at  the  highes. 
speed  dr.ring  the  surveying  period  was  about  10  cm/sec.  Figdre  19  shows  the 
relation  between  the  swing  speed  and  the  turbidity  at  point  1C  of  the  ladder 
head.  Tt  was  found  that  the  more  the  swing  speed  increased]  the  larger  the 
degree  of  turbidity  became  and  that  the  degrees  of  turbidity  were  less  than 
a  few  mg/1  at  a  swing  speed  of  5  m/min  and  around  20  mg./l  ai  10  m/min. 


&  Average  SS 
#  Maximum  SS 


t* 


* 

k 

'  v 

i 

r.  * 

r. 


a 

w 


■ 

i 


t 

>■ 

i 


r. 


loot 


Swing  sp«d  Vs  'm/minl 


Figure  19.  Relation  between  swing  speed  and  turbidity  at  point  C 

Figure  20  shows  the  relation  between  swing  speed  and  finish  performance 
(the  difference  between  the  actual  finished  depth  and  the  assumed  finish  depth). 
When  the  swing  speed  is  slow,  the  actual  finished  depth  becomes  deeper  than 
the  assumed  finish  depth  (in  case  of  a  swirg  speed  of  5  m/rnin,  the  actual 
finished  'depth  is  about  0.3  m  deeper  than  the  assumed  finish  depth);  as  the 
suction  efficiency  is  good,  there  is  little  turbidity  generation.  However, 
mud  sediment  concentration  is  lower  due  to  suction  of  excess  water. 

On  the  other  hand,  the  more  the  swing  speed  increases,  the  less  the 
actual  finished  depth  (about  0.1  m  for  10  m/min);  as  the  suction  efficiency 
worsens,  the  more  turbidity  is  generated. 
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Gather  head  r.p.m  1  3~5r.p.m 
Seabed  level:  -6.0  tn  mlw 


Swing  speed  m/min. 


Figure  20.  Relation  between  swing  speed  and  finish  performance 

(difference  between  actual  finished  depth  and  assumed 
finish  depth) 

Figure  21  shows  the  average  SS  and  the  turbidity  area,  obtained  from 
measuring  turbidity  from  points  A  to  E.  The  SS  value  is  much  smaller  than 
that  of  cutter  suction  dredging. 


CDs  wing  speed  5m/min 
t _ ;  Swing  speed  10m/min 

•  5  m/min  _ -0  5  B 

10  m/min - -42) 


Figure  21.  Average  SS  and  turbidity  area  (1) 
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1  jSwing  speed  4m/min 
F  jSwing  speed  8m/min 


Figure  23.  Average  SS  and  turbidity  area  (2) 

Table  8  indicates  net  contents  of  turbidity  generation,  taking  into  con¬ 
sideration  the  operation  conditions  and  the  dredging  volume.  The  values  were 
0.01  t/hr  at  a  swing  speed  of  4  m/min  and  0.15  t/hr  at  8  m/min,  slightly 
larger  than  the  values  found  at  T  Bay. 


Table  8.  Net.  contents  of  turbidity  generation 


Swing 

speed 

(m/min) 

Turbidity 

Average 

SS 

(mg/1) 

Min/Hr  turbidity 

’  generation 

Dredging 
volume 
(m2/hr ) 

Net  contents  of 
turbidity 

ii.  t  tl  ci 

On2) 

(t/min) 

(C/hr) 

generation 

(t/m2) 

4 

14 

4.2 

2.35  <  10~4 

0  011 

144 

1 

O 

X 

00 

o 

o 

8 

24.5 

19.1 

3.74  <  10~3 

0. 150 

240 

0.63  ^  10  3 

Figure  24  shows  the  measurement  results  of  turbidity  around  the  dredge. 
The  changing  values  of  SS  are  based  on  the  elapse  of  time  at  measurement 
points  4,  5,  and  6  on  the  downstream  side  of  the  currents.  Since  all  SS 
values  were  smaller  than  t lie  value  prior  to  dredging,  no  influence  by  dredging 
operation  can  be  observed. 
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WORK  EXPERIENCES 

| 

Table  10  outlines  work  experiences  of  REFRESHER  dredges  for  reference. 


Table  10.  Work  experiences  of  REFRESHER  dredges 


Name  of  work 

Time  for 
completion 

Dredging 

Volume 

(m3) 

Dredging 

area 

(m3) 

Particulars  of  work 

Bottom  sediment 
dredging  work 
in  T  Bay 

Dec  1976 

to 

Mar  1977 

104,390 

143,000 

Dredged,  pipelined  for 

1365  m  and  discharged  by 
spreading  outlet  installed 
pontoon 

Dredging  work 
in  M  Bay 

F.Y.  1980 

to 

F.Y.  1981 

i  14,790 

I 

23,456 

Employed  REFRESHER  No.  3. 
Dredged  and  transported  by 
a  2200-m3  sand  barge  for 
a  distance  of  10  km  to 
dumping  area 

Dredging  work 
in  Port  Y 

June  1981 

to 

Sep  1981 

|  . 

1 2  9 , 720 

i 

161,000 

Employed  REFRESHER  No.  3. 
Dredged,  transported  7.4  km 
by  1900-m3  sand  barge  and 
unloaded  by  I350-PS 
unloader 

Dredging  work 
in  Port  T 

F.Y.  1977 

to 

F.Y.  1982 

j  75 , 980 

158,170 

Employed  MINI-REFRESHER 

Tokyo  Maru.  Dredged, 
transported  8.5/13  km 

by  200/400  sand  barges 
and  unloaded  by  250-PS 
unloader 
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CONCLUSIONS 


Table  11  summarizes  the  comparison  of  turbidity  generation  between  cutter 
suction  dredging  and  REFRESHER  dredging.  Disregarding  the  slight  difference  in 
physical  properties  of  the  dredged  material,  turbidity  generation  per  hour  was 
about  5  tons  by  cutter  suction  dredging  and  about  0.01  to  0.1  ton  by  REFRESHER 
dredging.  Therefore,  turbidity  generation  arising  from  REFRESHER  dredging  is 
about  1/50  of  that  from  cutter  suction  dredging  under  any  circumstances. 

The  REFRESHER  dredging  system  has  the  capability  to  prevent  the  generation 
of  turbidity.  However,  some  allowance  should  be  given  to  the  REFRESHER  dredg¬ 
ing,  when  considering  dredging  efficiency. 

Table  11.  Comparison  of  turbidity  generation  between  cutter  suction 
dredging  and  REFRESHER  dredging 


Min/Hr  turbdity 

Dredg- 

Net  contents 

Swing 

Turbidity 

Average 

generation 

ing 

of  turbidity 

speed 

area 

SS 

volume 

generation 

Item 

(m/ min ) 

(nr) . 

(mg/1) 

(t/min 1 

(t/hr) 

(m-Vhr  ) 

(t/m3) 

Cut  ter 
suction 

10 

(5-10) 

50 

200 

(100-200) 

0.  10 

5.  19 

600 

CO 

\ 

O 

X 

CO 

REFRESHER 

5 

14 

4.5 

3.15  ^  10~4 

0.011 

273 

0.04  x  io~3 

dredging 
in  T  Bay 

10 

17.5 

23.3  . 

4.08  <  10~3 

0.  107 

393 

0.27  x  iff3 

REFRESHER 

4 

14 

4.2 

2.35  *  10'4 

0.011 

144 

0.08  x  10-3 

dredging 
in  M  Bay 

8 

24.5 

19.1 

3.74  x  io-3 

0.  150 

240 

0.63  x  io"3 
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